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Gray wolves fCanis lupus) have recolonized northwest 
Montana's Glacier National Park area after 50 years of 
absence. Wolves from this new population have dispersed to 
other areas of Montana. Elk (Cervus elaphus) are one of 
Montana's most important big game animals, and there is much 
public concern over the impacts that wolf recovery may have on 
elk populations. From January 1990 to June 1992, I examined 
mortality and seasonal distribution of elk in the North Fork 
of the Flathead River drainage in northwest Montana and 
southeast British Columbia using radio telemetry. Prey age 
selection was based upon elk kills found while backtracking 
mountain lions and wolves during winter (Wolf Ecology Project) , 
and from hunter check stations. These age distributions were 
compared to the age distribution of trapped cow elk. I 
implemented an index of elk abundance to monitor population 
changes. I also estimated sex and age composition of the 
population, and estimated elk reproductive success and calf 
survival from aerial surveys.
Of 38 radio-collared cow elk, mountain lions (Felis 
cpncplpr) killed 9, wolves killed 2, a grizzly bear (Ursus 
arctps) killed 1, and hunters killed 2. Mortality due to 
mountain lions was significantly greater than mortality due to 
wolves, hunters, or bears. Annual survival for cow elk was 
75% over the entire study period. Survival was greatest 
during summer (100%) and poorest during late winter-early 
spring (86%). Survival during winter (96%) and autumn (91%) 
was intermediate. There was no difference between the age 
distribution of cows killed by mountain lions and the trapped 
population. Wolves killed significantly more old and young 
and fewer prime cows relative to the trapped population. 
Hunters killed fewer old elk. Most radio-collared elk 
summered in subalpine areas of British Columbia and wintered 
along the river corridor in Montana's Glacier National Park. 
Use of the 1988 Red Bench Burn by elk during winter was heavy. 
I used mark-recapture aerial surveys and pellet counts to 
form an index of abundance that will detect a 20% change with 
90% certainty and suggest improvements on the techniques. 
Cow:bull ratios averaged 100:31, though confidence intervals 
were high. Cow:calf ratios appeared to reflect the severity 
of the preceding winter. Following the heavy-snow winter of 
1990-91, June cow:calf ratios of 100:50 fell to 100:30 by 
August and 100:16 by the following January. Following the 
light-snow winter of 1991-92, June cow:calf ratios were 100:70 
and fell to 100:50 by August. Management recommendations 
regarding cow mortality and calf survival are presented.
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INTRODUCTION
The Rocky Mountain gray wolf fCanis luous irremotus) 
was listed as endangered in 197 3 under the Endangered 
Species Act. By 1987, the U.S. Fish and Wildlife Service 
had adopted the Rocky Mountain Wolf Recovery Plan. The plan 
calls for wolf recovery, either by natural recolonization or 
by transplanting, into three areas suitable for wolf 
populations: northwest Montana, the Greater Yellowstone
area, and central Idaho. Recovery is defined as the 
establishment of at least 10 breeding pairs in each recovery 
area.
Historically, wolves inhabited most of the U.S. and
Canada, but during the late 1800's and early 1900's, wolves
were eradicated in most areas (Mech 1970, Day 1980, Ream and
Mattson 1982). By 1910 there were only 3-4 packs remaining
in the western states, all within Glacier National Park
(GNP) (Herman and Willard 1978). Although wolves have been
reported in the park throughout the 1900's (Singer 1975), no
breeding activity had been documented for the past 50 years
until 1982 (Ream et al. 1991). This first breeding pack,
denning 7 km north of GNP, is believed to be the predecessor
of the Magic Pack of 1984. In 1987, the Magic Pack split
into the Camas, Sage Creek, and Headwaters Packs, dividing
most of the North Fork Valley bottom into pack territories
(Ream et al. 1991). By 1992 four packs inhabited the North
Fork Valley. The South Camas pack ranged from Camas Creek
to Bowman Creek, the North Camas pack ranged from Logging
1
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Creek to Kintla Creek, the Spruce Creek pack ranged from 
Kischenehn Creek to Commerce Creek, and the Headwaters pack 
ranged from the headwaters of the North Fork to the Wigwam 
drainage to the west.
Wolf recovery is highly controversial, as several 
studies have shown. Tucker and Pletscher (1989) found that 
while most residents (72%) of the upper Flathead valley 
supported wolf recovery in GNP, hunters were more inclined 
to be opposed (68%). McNaught (1987) reports that 81.6% of 
overnight visitors to Yellowstone National Park (YNP) agree 
that wolves have a place in the park. Kellert (1985) found 
that although most Minnesotans favor the timber wolf, 
farmers were strongly opposed. Bath and Buchanan (1989) 
documented differences in opinion of special interest groups 
in Wyoming. They found that 91.2% of Wyoming Stock Growers 
members opposed wolf réintroduction into YNP, while 89.2% of 
Defenders of Wildlife members supported réintroduction. Of 
Wyoming Wildlife Federation members, 66.8% supported 
réintroduction (22.1 % opposed), while 63.5% of instate 
residents supported réintroduction (24.6 % opposed).
As Bath and Buchanan (1989) note, wolf recovery is not 
so much a biological issue as it is a sociopolitical issue. 
Of 24 wolf deaths for which carcasses have been found since 
1979 in the GNP area, 19 were attributed to humans (Boyd, 
pers. commun.). Fuller (1988) reports that at least 15% of 
the annual wolf population in northcentral Minnesota is 
illegally killed. Bjorge and Gunson (1989), studying on the
3
Simonette River, Alberta, lost 17 of 22 collared wolves to 
humans. Furthermore, Tucker and Pletscher (1989) report 
that few people surveyed in the GNP area were willing to let 
wolves take precedence over commercial or recreational land 
use.
Regardless of controversy, wolf recovery is occurring 
naturally in the GNP area. This area is different from 
other areas of wolf habitation in that the potential prey 
base is much more varied (Murie 1944, Cowan 1947, Mech 1966, 
Pimlott et al. 1969, Ream et al. 1989, Weaver 1979, Fuller 
and Keith 1980, Carbyn 1983). Moiling (1959) points out 
that complex systems may be markedly different from simple 
predator-prey systems. Pimlott (1967) further warns about 
the complexity of predator-prey variables and the dangers of 
extrapolating too far. YNP is similar to GNP in its 
complexity, so results of this study may be helpful in 
managing the proposed réintroduction of wolves in 
Yellowstone.
In terms of numbers killed, white-tailed deer 
(Odocoileus virainianus) are the most important prey to 
wolves in the GNP area, and elk fCervus elaphus) appear to 
be second in importance. Of 243 winter kills found between 
1985-1991 by Boyd et al. (pers. commun.), 138 were white­
tailed deer, 68 were elk, 15 were moose fAlces alces), 8 
were mule deer (Odocoileus hemionus), and 14 were 
miscellaneous species. As Carbyn (1983) notes, the effects 
of predation on elk by wolves has received less attention
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than other wolf-prey systems partly due to the restricted 
cohabitation of wolves and elk. Elk are also important to 
hunters. Elk are the number one management priority 
statewide for Montana Department of Fish, Wildlife and 
Parks, and the number two management priority in northwest 
Montana. Resident and nonresident elk hunters in Montana 
spend $60 million each year on lodging, food, guide fees and 
other expenses (Duffield 1988).
To manage wolf recovery successfully, wildlife managers 
require information on predator-prey relationships to 
prevent great oscillations in prey numbers (Gasaway et al. 
1983). Rolling (1959) identified key components of the 
predator-prey relationship:
1) Density of the prey population,
2) Density of the predator population,
3) Characteristics of the prey,
4) Density and quality of alternate prey, and
5) Characteristics of the predator.
Components 2, 4 and 5 have been addressed by other
studies (Ream et al. 1991, Rachael 1992, Langley pers. 
commun.) This study focuses on elk as the prey species and 
attempts to further complete the predator-prey equation in 
the North Fork of the Flathead river drainage by addressing 
the following problems:
1. Evaluate age- and cause-specific mortality of elk
in an area recently recolonized by wolves.
2. Describe seasonal distribution of elk and identify
key areas of seasonal use.
3. Estimate elk population age- and sex-structure.
4. Establish an annual index of elk abundance.
5. Estimate elk reproductive success.
STUDY AREA
The portion of the North Fork of the Flathead river 
valley covered during this study begins just north of Big 
Creek tributary (Figure 1). It is bordered to the south by 
the Apgar Mountains and Howe Ridge of GNP, to the east by 
the Livingstone Range (part of the Continental Divide), and 
to the west by the Whitefish Range. The valley is 4-10 km 
wide at the south end and gradually tapers as one travels 
upstream to its headwaters at the Flathead Divide, a 
distance of approximately 100 km. Elevation varies from 
1,024 m at the southern end of the valley floor to 6,000 m 
at Flathead Pass.
The main valley developed in two stages. During the 
late Tertiary and early Pleistocene eras, faulting and 
sliding of tertiary beds on the Lewis Overthrust Fault first 
created the valley (approx. 50 million years ago).
Wisconsin stage and earlier glaciers further carved the 
valley and left moraines of glacial drift material 
throughout the valley (approx. 3 million years ago). Thus, 
sharp peaks rise to the east and glacial deposits form a 
rolling topography on the valley floor.
As is evident by the vegetation, the climate of the 
North Fork valley is a mixture of coastal and continental. 
Average annual precipitation ranges from 51-64 cm with the 
southern end of the valley recieving more than the northern 
end (Koterba and Habeck 1971). Two peaks in annual 
precipitation occur: December/January and May/June. Average
B.c. ALTA. SASK.
MONTANA
WATcRTON
NATIONAL PARK
8. C.( AL3ERTACANADA
NATIONAL
20 APGAR MOUNTAINS
Figure 1. The study area was located in the North Fork of the Flathead 
River drainage in northwest Montana and southeast British Columbia.
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annual snowfall at Polebridge was 3 05 cm for the period 
between 1951-1980. Average maximum daily snow depth was
65.4 cm from December-March (Finklin 1986). Average daily
minimum and maximum temperatures were -15®C and -3®C in
January and 5®C and 26®C in July respectively.
Plant communities reflect the climate of the North 
Fork. The valley tends to be moister in the south and west 
and drier to the north and east. Most of the valley is 
covered with lodgepole pine (Pinus contortal communities 
punctuated by grasslands in drier areas and spruce fPicea 
spp.) and subalpine fir (Abies lasiocaroa) communities in 
wetter areas. Riparian areas exist throughout the valley, 
as do stands of western larch (Larix occidentalisé and 
Douglas-fir fPseudotsuaa menziesiié. Permanent grasslands 
are believed to be an effect of a slight rainshadow from the 
Whitefish Range, coarse subsoil, and past fires, and are 
dominated by Aaropvron spicatum. Koeleria cristata. Festuca 
scabrella. Festuca idahoensis. Stipa richardsonii. Phleum 
pratense. Bromus pumpellianus. Poa pratensis. and Danthonia 
intermedia (Koterba and Habeck 1971). More complete 
descriptions of plant communities are given by Habeck 
(1970), Koterba and Habeck (1971), and Jenkins (1985).
The North Fork valley supports a wide variety of large 
herbivores, including white-tailed deer, mule deer, elk, 
moose, bighorn sheep (Ovis canadensisé, and mountain goats 
(Oreamnos americanusé. Beaver (Castor canadensis) exist 
throughout the valley. Equally diverse are the predators
9
the herbivores support. Wolves, mountain lions (Felis 
concolor), black bears (Ursus americanus^, grizzly bears 
(Ursus arctos), coyotes (Canis latrans), and bobcats (Lynx 
rufus) are well represented in the North Fork. Less 
abundant are lynx (Lynx canadensis^, and wolverines (Gulo 
gulp).
Land ownership is a mixture of public and private.
North of the international border, land is almost entirely 
provincial British Columbia land. South of the border and 
east of the North Fork river is Glacier National Park (GNP). 
Land to the west of the river is a mixture of private, 
state, and federal, with the majority falling under the 
authority of the USDA Forest Service, Flathead National 
Forest (FNF),. Inside GNP, the primary land use is 
recreation. Outside of the park, land has been used to 
varying degrees for logging, mining, oil exploration, 
recreation, subdivision, hunting and gathering (berries, 
mushrooms, etc.). Provincial lands have been altered by 
numerous forest fires, oil exploration and extensive 
logging. FNF land has been moderately logged in some areas 
and heavily logged in others. FNF and GNP lands supported 
an epidemic of pine bark beetle in the early 1980*s and were 
further altered by the Red Bench Fire of September 1988.
Elk are hunted in both Montana and British Columbia.
In Montana, elk of either sex may be hunted by archers from 
early September to the end of November. The general rifle 
hunting season begins the last Sunday in October and lasts
10until the end of November. Cow elk may be hunted during the 
first week of the general season. General hunting season 
for bulls only in British Columbia begins on 10 September 
and lasts until 20 October. Hunters with permits may take a 
cow or calf from 20 October to 3 0 November.
METHODS  ̂̂
Trapping
Trapping occurred in two stages, reflecting variations 
in elk use of winter range. In early winter when grasses 
were not yet covered by deep or crusted snow, elk 
congregated in the Big Prairie area north of Polebridge. 
Trapping during this period occurred from 10 January to 1 
March 1990, from 29 November to 12 December 1990, and from 
6 to 14 December 1991. Almost all of the captures during 
the first trapping season occurred in January. After 
successive freezing and thawing of the snowpack, the grasses 
of Big Prairie were no longer available to elk, and they 
confined their movements to areas under conifer cover.
During this period, elk were trapped on Forest Service land 
at the mouth of Coal Creek, the mouth of Kintla Creek, Ford 
Work Center, and on private land just south of the Canadian 
border along the North Fork River. Trapping extended from 1 
March to 1 April 1990 from Ford Creek to Kintla Creek, and 
from 14 January to 11 March 1991 at Coal Creek, Ford Work 
Center, and Kintla Creek. There was no late-season trapping 
in 1992.
Most elk were trapped using collapsible Clover (1956) 
traps modified to accommodate elk (Thompson et al. 1989) but 
in six cases, non-collapsible traps were used. All use of 
non-collapsible traps occurred outside GNP. Traps were 
baited with second- and third-cutting alfalfa hay that was 
certified to be weed free. Trapping teams numbered between
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two and five persons. Traps were approached quietly and 
collapsed as quickly as possible. If the elk was not a calf 
or yearling (determined by tooth irruption), I injected 1.0 
ml lidocaine into gums surrounding the fourth incisor as a 
local anesthetic for tooth extraction. Next, a radio collar 
with a motion-sensitive mercury switch with a 4-hr delay 
(MOD-500,Telonics, Inc., Mesa, Ariz.) was attached around 
the elk's neck. Each collar was marked with brown and/or 
black permanent ink to make the collars as inconspicuous as 
possible, and was fitted with a nylon insert that would 
decompose in 3-5 yrs, allowing the collar to fall off. I 
allowed extra room on collars affixed to calves. Five 
minutes from the time of lidocaine injection, one of the 
lower fourth incisors was pulled using a dental elevator and 
forceps. Collected incisors were sent to Matson's 
Laboratory (Mi11town, Montana) for aging by cementum layers. 
Elk were released by opening the trap while it lay on its 
side. Elk captured in non-collapsible traps outside GNP 
were injected via jabstick with 2.0 - 3.0 ml of xylazine 
hydrochloride and usually processed by one person. Reversal 
of the tranquillizer was done with 5.0 ml yohimbine injected 
subcutaneously.
Mortality
Collared elk were monitored for mortality status daily 
while they occupied winter range and as often as possible 
while they migrated or inhabited the more inaccessible
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summer range. A set of procedures was developed to follow 
in the event of a "mortality signal" to standardize the 
post-mortem examination and to ensure safety of personnel in 
an area inhabited by black and grizzly bears. When the 
pulse rate of a radioed elk*s transmitter indicated that the 
animal had not moved for at least 4 hrs, the elk was located 
and cause of death determined as quickly as possible.
During non-winter months, frequencies of collared bears were 
monitored for proximity to the dead elk to avoid 
confrontation. Several other steps were taken to avoid 
and/or minimize conflict with bears (Rachael 1992). Upon 
reaching the animal, a necropsy was performed to determine 
condition of the animal prior to death and cause of death 
(O'Gara 1978, Wobeser and Spraker 1980). Data collected 
included a description of the carcass and its location, 
tracks in the immediate area, consumption of the carcass, 
locations of bites and hemmorhages, condition of heart, 
liver, lungs, bone marrow, and skeleton, and overall 
condition of the animal prior to death. From this 
information, I was able to determine cause of death of each 
mortality and the condition of the elk prior to death.
Methods outlined by Heisey and Fuller (1985) were used 
to analyze radiotelemetry and mortality data- Survival and 
mortality rates were computed using the software program 
MICROMORT (version 1.3, Heisey 1987). Elk radiodays were 
pooled into months, then into four seasons reflecting 
important biological periods for elk; summer, fall (hunting
14season), winter, and late-winter-early spring. Annual and 
seasonal survival rates were computed using the four-season 
model, as were annual and seasonal mortality rates. 
Differences in survival rates and mortality rates were 
tested using an F test. Differences between mortality rates 
from two different sources over the same period of time were 
interpreted with caution since they were derived from the 
same radiodays and are not independent.
Effects of each mortality factor on an elk herd are 
better understood if the ages and sexes of elk killed by 
each are compared. Wolf-kill data were obtained from the 
Wolf Ecology Project (Boyd et al. 1992) from the winters of 
1985 to 1991. Hunter-kill data were obtained from Montana 
Department of Fish, Wildlife and Parks for hunting district 
110 (1985-1990), and the British Columbia Ministry of the 
Environment Wildlife Branch for M.U. 4-01 (1980-1990). 
Mountain lion kill data for female elk were obtained from 
radio-collared cow elk killed by mountain lions and by 
backtracking mountain lions during winters of 1990-1991 and 
1991-1992 to find kills. Male elk were separated from 
female elk, and each group was divided into young, prime, 
and old animals based on physiological measurements reported 
by Flook (1970). The resulting age distributions were 
compared for mountain lions, wolves, and hunters using Chi- 
Square Goodness of Fit tests. Comparisons relative to the
15population used trapping data to determine the expected Chi- 
Square.
Seasonal Distribution
Elk were located weekly, except during calving when 
they were located twice per week. From late autumn to early 
spring, elk were located by ground triangulation of at least 
three, but usually four azimuths taken within 4 0 minutes.
The elk * s location was plotted by Universal Transverse 
Mercator coordinates at the center of the triangle formed by 
three azimuths or the smallest polygon formed by four or 
more azimuths. Efforts were taken to randomize time of day 
that elk were located. Ground triangulations were ranked 
based on the area of the azimuth polygon as good (<0.25 
km̂ ) , fair (<1 km̂ ) , or poor (>1 km̂ ) .
From late spring to early autumn when elk inhabited 
areas inaccessible for road triangulations, elk were located 
from a Cessna 18 0 or 182 using methods described by Mech 
(1983). All aerial locations were assumed to be "good" 
unless weather prevented an accurate location, in which case 
the location was subjectively labeled "fair" or "poor."
Location error was difficult to control in the study 
area. The undulating topography and lack of an extensive 
road system added to the inherent error of telemetry to 
produce an overall angular error of 6.4 (n = 45, s - 6.1) 
for locations using an H antenna (Telonics) and 9.4 (n = 46, 
s = 7.7) for locations using a three-element yagi (Lindsay
16Products). Error in aerial locations arose mainly from 
difficulty in plotting with precision on available 
topographic maps. Topographic map precision varied from 
1:24,000 for U.S. Geological Survey maps to 1:50,000 for 
Energy, Mines and Resources Canada maps.
Location data were analyzed on the individual level and 
on the population level. For each elk, I computed minimum 
convex polygon and 95% harmonic mean home range (25 grid 
cell) for summer and winter (McPAAL version 1.2, Stuwe and 
Blohowiak), and computed migration distance as the straight- 
line distance between the center of the elk's summer and 
winter ranges using the Pythagorean Theorem. Only home 
ranges constructed with 10<N<17 locations were used for 
analysis to minimize the effect of sample size on home range 
size. Differences in area of seasonal home ranges were 
tested using the Student's T test.
To determine key areas of seasonal use, location data 
of all collared elk were pooled into seasons. Areas that 
received repeated elk use were listed and their importance 
quantified using elk seasons. An elk season is defined here 
as three or more locations of an elk on summer or winter 
range, or two or more locations of an elk on a transitional 
range. Seasons were based upon movement patterns and 
included early winter (12/1-1/15), winter (1/16-3/31), 
spring (4/1-5/15), calving (5/16-6/30), summer (7/1-9/30), 
and fall (10/1-11/30). Maps were constructed using the 
geographic information system software PAMAP (PAMAP
17Technologies) to illustrate individual home ranges as well 
as seasonal use areas. A composite map of winter range was 
constructed from data collected by aerial surveys, aerial 
and ground locations of collared elk, and snowmobile 
surveys.
Index of Abundance
Elk abundance was estimated by mark-recapture surveys 
and pellet counts. Five aerial surveys were flown in both 
January 1991 and January 1992. Collared elk were located 
the same day of each flight by ground triangulation to 
determine the number of collared elk in the survey area.
Elk were counted along the survey route described below, and 
the number of collared animals was documented. The 
Schumacher-Eschmeyer population estimator (1943) was used to 
analyze the data so that all five flights could be used as 
individual samples. Schumacher estimates are reported along 
with raw totals of elk counted for use in developing an 
index of abundance after radio-collared elk are no longer 
available.
Pellet counts were conducted during spring 1990, 1991, 
and 1992 as another estimate of elk abundance. During the 
initial sampling period of 1990, eleven transect pairs (880 
plots) were placed at 1.6-km intervals along Glacier Route 
Seven (Inside Road) north and south of Polebridge in an 
effort to encompass all types of terrain and habitat and to 
avoid large areas of standing water. The transects were
Table 1. Location of 1992 pellet transects along Glacier 
Route Seven, Glacier National Park.
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Transect Location
Northl South end of Bowman Cr. Bridge.
North2 1.6 km (1.0 mile) north of Polebridge Ranger
Station.
Northl 3.2 km (2.0 miles) north of Polebridge RS.
North4 4.8 km (3.0 miles) north of Polebridge RS.
Norths 0.5 km (0.3 miles) north of south end of Round
Prairie.
Norths 0.8 km (0.5 miles) north of Ford Cr. Patrol Cabin.
North? 2.4 km (1.5 miles) north of Ford Cr. Patrol Cabin.
North8 4.0 km (2.5 miles) north of Ford Cr. Patrol Cabin.
North9 100 m north of Kintla campground on lake shore.
NorthlO Peak of first cove on north side of Kintla Lake.
Southl 1.6 km (1.0 mile) south of Polebridge RS.
South2 4.8 km (3.0 miles) south of Polebridge RS.
Southl 6.4 km (4.0 miles) south of Polebridge RS.
South4 9.7 km (6.0 miles) south of Polebridge RS.
Souths 11.3 km (7.0 miles) south of Polebridge RS.
Souths 4.8 km (3.0 miles) south of Quartz Cr. Campground.
South? 6.4 km (4.0 miles) south of Quartz Cr. Campground.
Souths South end of Anaconda Cr. Bridge.
South9 1.6 km (1.0 mile) south of south end of Anaconda
Cr. Bridge.
19further refined in 1991 and the sampling effort was expanded 
to 13 transects (1,040 plots). From the 1991 data, I used 
Neff’s (1968) formula to calculate that a sample size of 
1430 plots (approx. 18 transects) would be needed to detect 
a 20% change in the elk population with 90% certainty. 
Because this estimate was based on a Student’s T-test, but 
the data would be analysed by the weaker, nonparametric Rank 
Sum test, the number of plots counted in 1992 was increased 
to 1,520 (19 transects).
Transects for 1992 encompassed both primary and 
secondary winter elk habitat. Ten transects were placed 
north of Polebridge and nine were placed south (Table 1).
Six transects were the same for all three years, while 11 
transects were the same for 1991 and 1992. Due to a mild 
winter and lack of snow, pellets were counted earlier in 
1992 (4-29 April) than in 1991 (3-24 May). This was
necessary to prevent new vegetation from hiding pellets from 
view. All transects ran in an east-west direction except 
for the two at Kintla Lake, which ran north-south.
Observers paced 50 m from plot to plot due east from 
the transect’s beginning for 40 plots. They then paced 200 
m south, turned west, and counted 40 more plots. Each plot 
had a radius of 1.8 m measured with a rope or a stick. 
Pellets were classified as either new, intermediate, or old, 
based upon color and moisture content. Pellet groups that 
were partially in the plot were estimated to the nearest 
tenth. At least 20 pellets had to be present in order to be
20classified as a "pellet group," and thus counted.
New, intermediate, and old pellets had to be pooled in 
the analysis in order to keep the required sample size at a 
reasonable level. If only new and intermediate pellets were 
counted, 1,695 plots (21 transects) would be necessary to 
achieve the same degree of accuracy. Total number of pellet 
groups, mean number of pellet groups, variance, and range 
were computed for each transect and for all transects 
together. Non-parametric analysis was required due to the 
high number of empty plots and resulting skewed 
distribution. The Kruska1-Wallis test was used to test for 
differences between transects, and the Rank Sum test was 
used to test differences between years for the six (1990- 
1992) and 11 (1991,1992) transect pairs that were the same.
Population Sex- and Age- structure
In order to obtain reasonably accurate composition 
data, large numbers of elk must be counted when cows, 
calves, and bulls can be readily distinguished from one 
another. In this study area, these criteria were best met 
in early winter while elk were still using open areas in 
large numbers and bulls had not yet dropped their antlers. 
Five aerial surveys were conducted in both January 1991 and 
January 1992. The survey route began at Sullivan Meadow and 
continued north to the southern edge of the Red Bench Fire 
area along the North Fork river. East-west transects were 
flown over the burned area at 1-km intervals on the east
21side of the river until the northen edge of the burned area 
was reached. The route continued north along Glacier Route 
Seven to Round Prairie, and then followed the river corridor 
north to the Canadian border. All elk within sight of the 
two observers (pilot and recorder) were counted as either 
cow, calf (based upon size and shape of head), or bull 
(based upon antlers). The Student’s T Test was used to 
compare cow:calf and cow:bull ratios between years.
Age distribution was estimated for the female segment 
of the population by combining age data from the first two 
years of trapping. Hunter-kill data were available for 
construction of an age distribution but was judged to be 
unrepresentative of the population as hunter kill often does 
not reflect the entire population (Quick 1963).
Reproductive Success and Survival of Calves
Aerial observations were used to estimate reproductive 
success and recruitment of the North Fork elk herd.
Beginning 16 May and continuing to 15 July during 1991 and 
1992, one to two flights were flown each week to determine 
if each radio-collared cow had produced a calf. A cow was 
determined to have produced a calf if she localized her 
movements substantially around 1 June, or if she was seen 
with a calf during this period. Cows that lost calves from 
week to week were noted. From 15 July to the end of 
August, cows and calves were observed in "maternity herds" 
where cows and calves mixed freely. During this period.
22calf survivorship was measured by the observed cow:calf 
ratio. A calf survivorship curve was constructed based upon 
these sightings. Cow:calf ratios from winter surveys show 
calf recruitment at seven months.
Results
Trapping
Twenty*four elk were captured during the initial 
trapping season from 12 January to 31 March 1990 (13 trap 
nights/elk). Of these, 15 adult cows were radio collared 
(see Appendix A for radio-collar histories). Three male 
calves were captured and released and two collared cow elk 
were recaptured. All of the radio-collared elk were 
captured on Big Prairie except one, which was captured 2 km 
north of Ford Work Center.
Trapping during winter 1990-1991 occurred in 2 phases. 
Big Prairie was trapped during December. Eighteen elk were 
captured in 11 days (3.1 trap-nights/elk). Of these, 12 
adult cows and 2 female calves were collared. Four bulls 
were captured and released. Phase-two trap locations were 
at the mouth of Coal Creek, at Ford Work Center and 2 km 
south of the Canadian Border along the river, and trappping 
occurred from 11 January to 11 March 1991. Six elk were 
captured in 201 trap nights (33.5 trap-nights/elk), 5 of 
which were collared (all adult cows). One male calf was 
captured and released.
Trapping during winter 1991-1992 took place on Big 
Prairie and along Camas Creek in December. Seven elk were 
captured during 31 trap nights (4.4 trap-nights/elk). Of 
these, 3 adult cows and one female calf were collared.
Three bulls were captured and released.
Trap-related mortality rate for the entire study period
24
was 5.6%. All mortalities occurred during the initial 
trapping season. Three female elk died as a direct result 
of trapping: one cow broke its neck, one cow broke its
back, and a calf died of appearant capture-related myopathy. 
One adult cow elk captured in poor physical condition was 
euthanized 10 days after trapping when the animal became 
immobile from pneumonia.
Mortality
Of 38 total elk collared during the three trapping 
seasons, 14 died between 8 January 1990 and 30 June 1992 
(Table 2). Mountain lions killed 9 elk, wolves killed 2 
elk, a grizzly bear killed 1 elk, and hunters killed 2 elk.
Mountain lions killed 3 young elk (ages 1/2, 2, 2), 4 
prime-aged elk (ages 5, 9, 9, 10), and two old elk (ages 13 
and 16) (Figure 2). Wolves killed one young elk (age 1/2) 
and one prime-aged elk (age 10). Hunters killed one young 
elk (age 2) and one prime-aged elk (age 6). A grizzly bear 
killed one old elk (age 16).
Survival rates for elk varied among four periods (Table 
3, Figure 3): winter (Dec.-Feb.), spring (March-May), summer 
(June-Sept.), and hunting season (Oct.-Nov.). Survival was 
very high during summer, then dropped during hunting season. 
After hunting season, survival increased slightly, then 
decreased as winter set in. Survival was lowest during 
late-winter/early spring.
There was no significant difference (Table 3) in
25Table 2. Cause-specific mortality of radio-collared elk, 12 
January 1990 - 30 June 1992.
# Cause Date Location Age
212 Mountain Lion 3/29/90 winter range 9
209 Mountain Lion 4/20/90 spring migration 13
203 Hunter 10/27/90 fall migration 6
211 Wolf 10/29/90 winter range 10
214 Mountain Lion 1/18/91 winter range 2
224 Wolf 2/27/91 winter range calf
206 Mountain Lion 3/20/91 winter range 2
226 Mountain Lion 4/7/91 winter range 5
208 Mountain Lion 5/8/91 spring migration 16
234 Grizzly Bear 5/8/91 spring migration 16
217 Mountain Lion 5/26/91 spring migration 10
232 Hunter 10/27/91. nonmigratory 2
201 Mountain Lion 3/4/92 winter range 9
237 Mountain Lion 3/9/92 winter range calf
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Table 3. Annual and seasonal survival rates (S) and number of 
mortalities (M) of radio-collared cow elk, 12 January 1990 - 
30 June 1992.
Year Season
Days/ Radiodays 
Season Season M S Variance
95%
Lower
C.L.
Upper
1990 Winter 90 870 0 1. 000 0 1 1
Spring 91 1,172 2 0.855 9.016E-03 0. 687 1*
Summer 121 1,573 0 1.000 0 1 1
Fall 61 722 2 0.844 1.021E-02 0. 668 1*
Total 365 4,337 4 0.722 1.388E-02 0.524 0.994
1991 Winter 90 2,182 2 0.921 2.888E-03 0.821 1*
Spring 91 2,296 5 0.818 5.387E-03 0. 686 0.975
Summer 121 2,623 0 1 0 1 1
Fall 61 1, 196 1 0.950 2.351E-03 0.860 1*
Total 365 8,297 8 0.716 7.205E-03 0. 568 0.903
1992 Winter 90 2,051 0 1 0 1 1
Spring 91 1,894 2 0.907 3.889E-03 0. 793 1*
Tot. Winter 90 5,103 2 0.960 7.607E-04 0.908 1*
Spring 91 5,362 9 0.856 1.948E-03 0.774 0.947
Summer 121 4,196 0 1 0 1 1
Fall 61 1,918 3 0.909 2.511E-03 0.815 1*
Total 365 16,579 14 0.748 3.645E-03 0. 638 0.876
*Confidence limit has been truncated at 1.000.
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Figure 3. Seasonal mortality of radio-collared cow elk, 
12 January 1990 — 30 June 1992.
28survival rates between years 1990 and 1991 (^=0.038, 2- 
tailed, P=0.960), or between the same seasons for 1990,
1991, or 1992 (Z test, a<0.05). Survival was highest in 
summer and significantly greater than spring (Z=3.270, 2- 
tailed, P=0.0008). Summer survival was almost more 
significant than survival in winter (Z=l.443, 2-tailed,
P=0.147) and in fall (Z=l.817, 2-tailed, P=0.064). Survival 
was lowest during spring, and significantly lower than 
survival during winter (Z=2.008, 2-tailed, £=0.044). There 
was no difference between survival rates for spring and fall 
(Z=0.797, 2-tailed, £=0.395), or winter and fall (Z=0.896, 
2-tailed, £=0.342).
Because of small sample size, annual cause-specific 
mortality rates (Table 4) showed few differences between 
mountain lions, wolves, and hunters, although total annual 
mortality due to mountain lions was significantly greater 
than that due to wolves (^=1.90, 2-tailed, £=0.050). 
Mortality due to mountain lions was significantly greater 
than mortality due to grizzly bears (%=2.75, 2-tailed, 
£=0.006), but not hunters (Z=l.56, 2-tailed, £=0.121). 
Cause-specific mortality was not significantly different 
between years for mountain lions (^=0.017, 2-tailed, 
£=0.960), wolves (^=0.480, 2-tailed, £=0.582), hunters 
(Z=0.270, 2-tailed, £=0.454), or bears (Z=1.01, 2-tailed, 
£=0.294).
Seasonal cause-specific mortality rates showed no 
significant differences between years (Z-test, Q£<0.05).
29Table 4. Annual cause-specific mortality rates for radio 
collared cow elk, 12 January 1990 - 30 June 1992.
95% C.L.
Year Cause Rate Variance Lower Upper
1990 Mtn. Lion 0.163 1.103E-02 0* 0.369Wolf 0.068 4.364E-03 0* 0.198
Hunter 0. 068 4.364E-03 0* 0.198
Bear 0 0 0 0
1991 Mtn. Lion 0.165 4.558E-03 0. 033 0.296
Wolf 0.033 1.056E-03 0* 0.097
Hunter 0.047 2.066E—03 0* 0.136
Bear 0.033 1.056E-03 0* 0.097
Total Mtn. Lion 0.134 1.734E-03 0. 052 0.215
Wolf 0.041 8.424E-04 0* 0. 097
Hunter 0.051 1.254E-03 0* 0. 121
Bear 0.015 2.178E-04 0* 0. 044
* Confidence Limit was truncated at 0.000.
30During winter, there was no difference (Table 5) between 
mortality rates due to mountain lions and wolves (_Z=0.000, 
2-tailed, P<0.001). During spring, mountain lions killed 
significantly more elk than did wolves (_Z=3.030, 2-tailed, 
P=0.002) or bears (Z=8.166, 2-tailed, P<0.001). There was 
no difference in mortality rates between wolves and bears 
during spring (Z=1.008, 2-tailed, P=0.294). No elk were 
killed during summer. There were no significant differences 
in mortality rates during fall (_Z-test, 2-tailed, P<0.05) .
During winters of 1990-1991 and 1991-1992, 6 elk and 4 
deer kills were found while backtracking mountain lions over 
approximately 32 0 km. Actual mileage travelled by personnel 
was approximately 960 km. The elk were assumed to be 
random kills and added to radio-collared mountain lion- 
killed elk for analysis (Figure 4). The Wolf Ecology 
Project (Boyd pers. commun.) supplied data on wolf-killed 
elk (Figures 5 and 6). Hunter-kill data (Figures 7 and 8) 
were received from Montana Department of Fish, Wildlife and 
Parks (Campbell pers. commun.), and from the British 
Columbia Ministry to the Environment, Wildlife Branch 
(Demarchi pers. commun.). Trapping data seemed to provide 
the best estimate of the age distribution of the cow elk 
population (Figure 9). By adding the four male calves 
captured and released to the number of calves radio 
collared, the cow:calf ratio during winter 1989-90 would be 
100:21. I j. the preceding winter's severity is an indication
31Table 5. Seasonal cause-specific mortality rates for radio-
collared cow elk, 12 January 1990 - 30 June 1992.
Season Cause Rate Variance
95% C 
Lower
.L.
Upper
Winter Mtn. Lion 0. 020 3.883E-04 0* 0.059
Wolf 0. 020 3.883E-04 0* 0. 059
Spring Mtn; Lion 0.127 1.764E-03 0.450 0.210
Wolf 0 0 0 0
Bear 0.016 2.491 0* 0. 047
Summer Mtn. Lion 0 0 0 0
Wolf 0 0 0 0
Bear 0 0 0 0
Fall Mtn. Lion 0 0 0 0
Wolf 0.030 8.933E-04 0* 0. 089
Hunter 0.061 1.730E-03 0* 0.142
Bear 0 0 0 0
* Confidence limit was truncated at 0.000.
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Figure 9. Age distribution of radio-collared cow elk 
trapped from 1990-91,
35of calf production the following spring as it appears to be 
(see Calving), the cow:calf ratio should be between that for 
1990-91 and 1991-92, or approximately 29%. Thus, if there 
is a bias toward capturing cows over calves, it appears 
small. Comparing the winter trapping cow:calf ratio 
(approx. 100:30) to the ratio observed during April aerial 
surveys (100:40), Casey (pers. commun.) found a greater 
trapping bias toward cow elk (approx. 25% more cows) in the 
South Fork of the Flathead River drainage.
Cow elk were divided by age (yr) into young (1/2-2), 
prime (3-10), and old (>10).
There was no significant difference in the number of 
young, prime, and old female elk killed by mountain lions 
based on relative abundance in the population (%-=0.2 88, 
d.f.--2, a<0.05). Mountain lions killed 5 young cows, 6 
prime cows, and 2 old cows. The age distribution of female 
wolf-killed elk (Figure 5) without accounting for the large 
number (25) of unsexed calves (Figure G) showed no 
significant difference from the population (x^=3.537, df=2, 
a<0.05). However, assuming that half of the unsexed calves 
were female, the difference was highly significant 
(X^=ll.997, d.f.=2, a<0.05). If at least four of the 25 
unsexed calves were female, the difference would be 
significant (X2=6.0, d.f.=2, a<0.05). Wolves killed 
proportionally more young, fewer prime, and more old elk 
than exist in the population. Hunters in Montana killed 20 
young, 20 prime, and no old cow elk (Figure 7), which is
36significantly different from the population (x^=8-654, 
d.f.=2, ût<0.05). Proportionally more young and fewer old 
cow elk were killed by hunters than exist in the population.
Wolves (Figure 5) and mountain lions (Figure 4) almost 
differed significantly (x^=5.286, d.f.=2, cr<0.05), with 
mountain lions killing relatively more prime cows than 
wolves. Mountain lions (Figure 4) and hunters in Montana 
(Figure 7) did differ significantly (x̂ =6-46, d.f.=2,
0£<0.05). Mountain lions killed relatively more old cows 
than did hunters.
Using numbers of cows and bulls observed during aerial 
surveys in January 1991 and January 1992 as an estimate of 
the sex ratio of the population, wolves killed significantly 
more bulls than cows relative to the population (x^=34.663, 
d.f.=l, a<0.01) as did hunters in Montana (x^=58.93 5, 
d.f.=l, Q£<0.01). For hunters in B.C., the difference was 
even greater (x̂ =771, d.f.=1, a<0.01). Wolves killed 25 
bulls and 16 cows during winters 1985-1991, while hunters in 
Montana killed 53 bulls and 39 cows during hunting seasons 
of 1985-1990. Hunters in Canada killed 758 bulls and 111 
cows from 1981-1990. Hunters in Montana and hunters in B.C. 
(Figure 8) did not differ significantly in the numbers of 
calf and adult elk killed (x^=l-068, d.f.=l, a<0.05), but 
did differ significantly with respect to numbers of cows and 
bulls killed (x^=47.75, d.f.=l, a<0.01). Hunters in Canada 
killed relatively more bulls than did hunters in Montana.
37Seasonal Distribution
From 12 January 1990 to 30 June 1992, 1,442 aerial and 
ground radiolocations of collared cow elk were obtained. Of 
these, 379 were used to deliniate winter range, 372 for 
summer range, 218 for calving areas, 97 for spring 
transitional ranges, 98 for fall transitional ranges, and 
102 for early winter ranges. Locations taken during 
migration were not used.
Movements of radio-collared cow elk in the North Fork 
of the Flathead River drainage followed a general pattern. 
Elk wintered along the river corridor from the Commerce Cr. 
south to Anaconda Creek in distinct home ranges. They moved 
to Big Prairie and other meadows during spring and took 
advantage of new forage. By May, most elk left these 
transitional ranges in a northward migration to summer 
ranges located mostly in high basins of the upper North Fork 
drainage in British Columbia. Migration halted for the 
first three weeks in June for calving, then resumed until 
summer range was reached, usually by mid-July. A few cows 
arrived at summer range before calving during 1991 (Table 
6). In 1992, most cows arrived on summer range before 
calving (Table 7), due to the exceptionally mild winter and 
consequent early migration. By October, most elk left 
summer range and migrated back to grassy transitional 
ranges. North Fork elk moved onto winter ranges around mid- 
January at a time when snow depths and crusts prevented them 
from reaching grasses.
38Table 6. Time and distance of migration for radio-collared 
elk, and relative location at time of calving, 1991.
#
Depart
Winter
Rangej
Arrive
Summer
Rangeg
Depart
Summer
Range,
Arrive
Winter
Range,
Dist. 
(km)
Calving
Location
201 4 May 9 July 15 Nov. 11 Dec. 58 valley
204 4 May 9 July 10 Oct. 31 Oct. 91 valley
205 11 May 9 July 19 Sept. 31 Oct. 37 valley
210 17 April 21 May 10 Oct. 11 Dec. 56 summer
213 10 May 20 June 30 Sept. 11 Dec. 9 valley
216 4 May 2 July 21 Sept. 31 Oct. 36 valley
219 24 March 26 June 19 Oct. 22 Nov. 43 valley
220 4 May 4 June 10 Oct. 25 Dec. 59 summer
221 4 May 26 June 19 Oct. 22 Nov. 50 valley
222 11 May 2 July 7 Sept. 15 Nov. 59 valley
223 4 May 26 June 19 Oct. 29 Dec. 50 valley
225 4 May 2 July 22 Nov. 31 Dec. 69 valley
227 11 May 9 July 8 Sept. 10 Dec. 75 valley
228 10 May 26 June 3 Oct. 11 Dec. 78 valley
229 5 May 4 July 7 Sept. 31 Oct. 34 valley
230 2 May 10 July 7 Sept. 10 Dec. 47 valley
231 4 May 20 June 30 Oct. 5 Dec. 51 valley
233 11 May 2 July 3 Oct. 11 Dec. 40 valley
Median 4 May 2 July 6 Oct. 10 Dec. X=52. 3 summer=2 valley=16
1 plus or minus 6 days
2 plus or minus 3 days
Table 7. Spring migration dates and relative calving 
locations for radio-collared elk, 1992.
39
# Depart Winter 
Range
Arrive Summer 
Range
Calving
Location
204 10 April 19 June main valley
205 17 April 1 June summer range
207 19 April 17 May summer range
210 21 March 5 May summer range
213 4 May 24 June main valley
218 4 April 1 June summer range
219 17 April 2 May summer range
220 21 March 2 5 May summer range
221 4 April 11 May summer range
222 2 May 25 May summer range
223 4 April 11 May summer range
225 10 April 25 May summer range
227 17 April 12 June did not calve
228 25 April 25 May summer range
229 21 March 27 June main valley
230 17 April 11 May summer range
231 17 April 11 May summer range
233 2 May 19 June main valley
235 4 April unknown unknown
236 24 April 21 June main valley
238 28 March 27 June main valley
Median 17 April 2 5 May summer = 13 
valley = 6
40Winter range use was variable between the heavy-snow 
winter of 1991 and the light-snow winter of 1992 (Figures 10 
and 11). From December 1990 through March 1991, the average 
temperature at the townsite of Polebridge was -6®C, and the 
average snow depth was 43.3 cm. The snowpack persisted 
until 13 April. During the same period of 1991-1992, the 
average temperature was -2®C and the average snow depth was 
15.5 cm. The snowpack persisted until 7 March. Elk 
movements were much more restricted to the southern end of 
winter range in 1991, and elk confined their movements to 
areas with conifer cover.
Few individual elk winter home ranges (Table 8) were 
entirely within Glacier Park because most elk crossed the
river at least once per winter. Elk showed little fidelity
to winter ranges from year to year. Comparing 1990 to 1991, 
60% of radio-collared elk used the same winter range both 
years, while 40% used new ranges (n=10). Comparing 1991 to 
1992, only 25% of radio-collared elk used the same winter
range both years, while 75% used new ones (n=16). One elk
in the first sample and two in the second sample were 
exploiting an unattended hay stack for most of the winter 
with 50-100 other elk.
Key areas of seasonal use were quantified by the total 
number of seasons each area was used by radio-collared elk 
(Table 9). Number of winter elk seasons ranged from 1.5 for 
Lower Sage Cr. to 9.0 for Lower Mud Cr. Hay Cr. Marsh 
received 7.0 elk seasons of use by radio-collared cows, but
41
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43Table 8. Seasonal distribution of radio-collared elk in the 
North Fork of the Flathead River drainage, 12 January 1990 - 
30 June 1992.
# Summer Range Winter *90 Winter *91 Winter *92
201 Haig Brook Hay Cr. Marsh same same
202 --- L. Akokala Cr. same — — — —
203 Inverted R. Tepee Flat — — — —
204 Inverted R. Big Prairie B. Hay Cr. Marsh B. P. B.
205 Inverted R. L. Mud Cr. same same
206 Inverted R. L. Akokala Cr. same — — — —
207 McLatchie Cr. Tepee Flat unknown L. Sage Cr.
208 Haig Brook Big Prairie B. same — — — —
209 L. Tepee Cr. — — — — — — — —
210 Shepp Cr. Abbotts Flats Sondreson M. same
211 Couldrey Cr. Polebridge same ————
212 Bowman Cr. ———— —— —
213 Tepee Cr. Polebridge L. Whale Cr. same
214 Ketchikan Cr. Abbotts Flats ———— ————
215 Squaw Cr. Doverspike unknown emmigration
216 Hornet Cr. n/a Hay Cr. Marsh bad radio
217 n/a L. Kisch. Cr. ————
218 Tuchuck Cr. n/a Hay Cr. Marsh Tepee Flat
219 Leslie Cr. n/a Doverspike Abbotts F.
220 U. Howell Cr. n/a Bowman Cr. Abbotts F.
221 U. 29Mile Cr. n/a L. Mud Cr. same
222 Inverted R. n/a Bowman Cr. L. Ako. Cr.
223 U. 29Mile Cr. n/a L. Mud Cr. same
224 n/a Bowman Cr. ————
225 Limestone R. n/a Round Prairie Abbotts F.
226 n/a S. Bowman Lake ---
227 Limestone R. n/a Hay Cr. Marsh L. Ako. Cr.
228 Limestone R. n/a Polebridge same
229 S. Inverted R. n/a Sondreson M. L. Ako. Cr.
230 Tuchuck Cr. n/a L. Coal Cr. same
231 U. 29Mile Cr. n/a Doverspike Round Pr.
232 L. Coal Cr. n/a nonmigratory -- —
233 Trachyte R. n/a Sondreson M. Tepee Flat
234 n/a L. Sage Cr. ————
235 U. Howell Cr. n/a n/a L. Ako. Cr.
236 Trachyte R. n/a n/a Ford Cr.
237 n/a n/a Ford Cr.
238 Trachyte R. n/a n/a Ford Cr.
n/a Animal had not yet been captured.
B. Bench
L. Lower (example: lower Sage Creek)
M. Meadow 
R. Ridge
U. Upper (example: upper 29Mile Creek)
44
Table 9. Key areas of seasonal use for cow elk in the North 
Fork of the Flathead River drainage.
Season Area
Total Elk 
Seasons Description
Early Abbotts Flats 2 riparian/grasslands
Winter lower Akokala 2 riparian/burned lodgepole
(12/1- Big Prairie 13 grasslands
1/15) border meadows 4 grasslands
Winter Abbotts Flats 4.5 riparian/grasslands
(1/16- lower Akokala 6 riparian/burned lodgepole
3/31) Bowman Cr. 4.5 lodgepole/burned lodgepole
lower Coal Cr. 3 riparian/lodgepole
Doverspike 3.5 riparian/spruce
Hay Cr. Marsh 7 riparian/spruce
low. Kischenehn Cr. 2 riparian/spruce
lower Mud Cr. 9 spruce
Polebridge area 4.5 grassland/burn
Round Prairie 3.5 grasslands/lodgepole
lower Sage Cr. 1.5 riparian/spruce
Sondreson Meadow 2.5 riparian/grassland
Tepee Flat 3.5 lodgepole
Spring Abbotts Flats 1 riparian/grasslands
(4/1- Big Prairie 20 grasslands
5/15) border meadows 2 grasslands
lower Commerce Cr. 6 s. slope grasslands
Hollebeke Mtn. 7 s. slope grasslands
Home Ranch Bottom 2 grassland
Summer lower Coal Cr. 1 riparian/lodgepole
(7/1- 1. Commerce Cr.BC 2 riparian
9/30) 1. Couldrey Cr.BC 1 lodgepole
Haig Brook BC 3 subalpine
Hornet Cr. 2 lodgepole/larch
Inverted Ridge BC 13 subalpine
Ketchikan Cr. 1 lodgepole
Leslie Cr. BC 3 subalpine
Limestone RidgeBC 6 subalpine
McLatchie Cr. BC 4 subalpine
Shepp Cr. BC 4 subalpine
Squaw Cr. BC 2 subalpine
Trachyte Ridge BC 4 subalpine
Tuchuck Cr. 4 subalpine
29-MileCr./ BC 7.5 subalpine
Howell Cr.
Fall Beryl Lakes BC 5 lodgepole
(10/1- area
11/30) Ketchikan Cr. 7 lodgepole
BC = Provincial land of British Columbia.
45this sum was probably inflated by use of a nearby unattended 
haystack during winter 1991. All of the key winter areas 
were along the river except Bowman Cr. and Tepee Flat, and 
all were within or partly within Glacier Park except Abbotts 
Flats, lower Coal Cr., Hay Cr. Marsh, and Sondreson meadow.
A composite map of elk winter range was constructed 
(Figure 12) based upon aerial surveys, roadside observation, 
snowmobile and cross-country skiing track surveys, and 
radio-locations, all during the study period.
During spring (April), 77% of radio-collared elk (n=22) 
moved to transitional spring ranges. Big Prairie received 
the highest spring use (Table 9) with 20.0 elk seasons, 
while Abbotts flats received the lowest (1 elk season). 
Fourteen percent of radio-collared elk migrated directly to 
summer ranges, and were not observed to use transitional 
ranges in spring. An additional 9% did not move to 
transitional ranges because their winter range encompassed 
part of Big Prairie, the most used spring transitional 
range. Figure 13 illustrates spring use areas by radio­
collared elk.
Elk left transitional spring ranges for summer range as 
early as 24 March and as late as 11 May 1991 (see "depart 
winter" Table 6). Median day of departure was 4 May (n=18). 
In contrast, elk began spring migration during 1992 from 21 
March to 4 May (Median = 17 April) (Table 7). Data from 
spring 1990 were too incomplete for comparison. In 1990,
82% of radio-collared elk migrated to summer ranges in B.C.,
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Figure 12. Composite winter range map based on aerial surveys, roadside 
observation, snowmobile and cross-country skiing track surveys, and 
radiolocations.
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48while 18% moved to summer ranges in the northern drainages 
of the Whitefish Range, U.S. (n=ll). In 1991, 80% migrated 
to B.C. and 20% remained in Montana (n=20), while in 1992, 
85% migrated to B.C. and 15% remained in Montana (n=21).
One elk (5%) at lower Coal Cr. did not migrate. Migration 
distance varied from 0-91 km (X=52.3), s=18.9, n=18).
Calving usually occurred en route to summer range. Elk 
that calved in 1991 halted their northward movement for 3 
weeks to give birth. After 21 June, elk were observed 
moving northward again. Elk did not use the same calving 
grounds each year- Elk appeared to calve wherever they were 
along the migration route during the first week of June, and 
that appeared to be based upon weather. Figures 14 and 15 
illustrate the variability in calving locations. The winter 
of 1992 was exceptionally mild, and elk migrated much 
earlier than normal. Sixty-five percent calved on summer 
range.
Dates when radio-collared cows reached summer ranges 
varied from 21 May to 10 July (median = 2 July) 1991. In 
contrast, radioed cows arrived on summer range in 1992 from 
5 May to 27 June (median = 25 May). Typically, radio­
collared elk summered in high subalpine cirques near patches 
of slow-melting snow. Often on hot days during August, elk 
were observed bedded on snow banks. Many elk were observed 
at salt licks during July-August. No cases of elk changing 
summer range were confirmed.
Inverted Ridge, B.C., was the summer range most heavily
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Figure 14. Locations of radio-collared cow elk during 
calving, 1991 (16 May - 30 June). Cows typically calved 
in the main valley.
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Figure 15. Locations of radio-collared cow elk during 
calving, 1992 (16 May - 30 June). Cows typically calved 
on summer range.
51used by radio-collared elk (13 elk seasons), but radio­
collared elk were nearly evenly distributed over the 
northwest portion of the North Fork of the Flathead River 
drainage (Table 9, Figures 16 and 17). Upper 29-Mile Cr., 
B.C., and Limestone Ridge area, B.C., also received 
substantial use by radio-collared elk (7.5 and 6.0 elk 
seasons). Areas with only one elk season include lower Coal 
Cr., lower Couldrey Cr., B.C., and Ketchikan Cr.
Dates of departure from summer range are available only 
for 1991. Radio-collared elk departed from summer range 
(Table 6) from 7 September to 22 November 1991 (median = 6 
October). Some elk occupied transitional fall ranges before 
moving to transitional winter ranges. Ketchikan Cr. was 
used for 7 elk seasons, while the Beryl Lakes area, B.C., 
was used for 5 elk seasons (Table 9). During the Montana 
1990 general hunting season, 60% of radio-collared cow elk 
were within Glacier National Park either before or within 
two days of opening day (n=10). Ten percent were on 
Flathead National Forest land for at least half of the 
season, while 20% were on B.C. Provincial land. An 
additional 10% occupied both of the latter two areas during 
at least part of hunting season. During the Montana 1991 
general hunting season, 35% of radio-collared cow elk were 
within Glacier Park before or within two days after opening 
day (n-20). Only 5% occupied Flathead National Forest land, 
while 60% occupied B.C. Provincial land. Data for 1991 are 
believed to be more representative of the population due to
52
ALTA.
MONTANA
DAHO
WATERTON
NATIONAL PARK
•VV
B.C./ALBERTACANADA
USA
MONTANA
GLACIER
NATIONAL
PARK
30 KM10 20
F i g u r e  1 6 ,  L o c a t i o n s  o f  r a d i o - c o l l a r e d  cow e l k  on summer
r a n g e  (1 J u l y  -  30 S e p t e m b e r  1 9 9 0 ) .
53
SASK.ALTA.
MONTANA
DAHO
WATERTON
NATIONAL PARK
B.C./ALBERTACANADA
USA
MONTANA
GLACIER
NATIONAL
PARK
XV
30 KM2010
F i g u r e  1 7 .  L o c a t i o n s  o f  r a d i o - c o l l a r e d  cow e l k  on summer
r a n g e  (1 J u l y  -  30 S e p t e m b e r  1 9 9 1 ) ,
54
the larger sample size. Elk that occupied Ketchikan Cr. in 
fall appeared especially sensitive to the beginning of 
hunting season and moved into Glacier Park within two days.
Elk arrived on transitional early winter ranges from 31 
October to 31 December (Table 6, median = 10 December).
Early winter transitional ranges were typically grassy 
meadows, and often the same as spring transitional ranges. 
Sixty-eight percent of radio-collared elk used an early- 
winter transitional range (n=22), while 14% did not. An 
additional 18% did not use separate early-winter and winter
ranges because Big Prairie, the most heavily-used
transitional winter range, was also part of their winter 
ranges. Big Prairie had the highest use at 13 elk seasons 
(Table 9). Also important were the meadows along the river 
near the Canadian border (4 elk seasons), Abbotts Flats (2 
elk seasons), and lower Akokala Cr. (2 elk seasons).
Figure 18 illustrates early winter use by radio-collared 
elk. All elk moved to winter ranges by mid-January.
Sizes of home ranges varied considerably between elk 
and for the same elk between years (Table 10). Summer 
ranges varied from 2-6 - 89.4 km̂  for home ranges
constructed by minimum convex polygon (MCP) and from 0.6 -
100.0 km̂  for home ranges constructed by 95% harmonic mean 
(HM) . Winter ranges varied from 2.5 - 30.7 km̂  (MCP) and 
from 1.3 km̂  to 23.9 km̂  (HM) . Winter ranges were 
significantly smaller than summer ranges for home ranges 
constructed by MPC (t=2.561, d.f.=28, a<0.05) and by HM
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56Table 10- Estimates of summer and winter home range size 
(km̂ ) of radio-collared cow elk by minimum convex polygon 
(MCP) and 95% harmonic mean methods for home ranges with 
sample size of 10<N<17.
Elk
# Yr
Winter Ranae Size fkm̂ l Summer Ranae Size fkm̂ l
N MCP 95% Harmonic N MCP 95% Harmonic
201 90 11 17.1 17.8 16 41.7 16.7
91 15 4.2 3.0
202 90 16 6.6 3.5
203 90 13 19.4 9.9
204 90 14 14.6 6.5
91 13 89.4 100. 0
206 90 11 47.7 16.0
207 91 15 30.4 28.8
208 90 11 17.5 4.8
91 11 5.7 2.7
210 90 15 45.3 20.3
91 17 68.2 61.7
211 90 14 32.0 9.3
213 91 12 8.5 7.2 11 45.4 25.0
92 11 21.1 6.0
215 91 12 8.4 3.7
218 91 11 2.6 0.6
92 13 7.2 5.3
219 91 14 63.8 32.0
221 91 11 2.5 1.3 15 6.5 2.7
223 91 15 17.2 4.7
225 91 15 63.9 51.2
227 92 12 8.7 5.1
228 91 12 33.7 11.7
229 92 12 30.7 23.9
230 92 11 9.7 4.2
231 91 14 24.0 10.3
232 91 13 4.4 3.4
233 91 12 22.6 12.2
Mean 12 . 3 12.8 7.8 13,4 31.6 18.8
Standard
Deviation 8.0 6.7 23.8 23.4
D /
(t=2.584, d.f.=28, a<0.05). Mean sizes of winter home 
ranges were 12.8 km̂  (s=8.0) for MCP, and 7.8 km̂  (s=6.7) for 
HM. Mean sizes of summer home ranges were 31.6 km̂  (s=2 3.8) 
for MCP, and 18.8 km̂  (s=23.4) for HM. There was no 
difference between years for sizes of summer ranges or 
winter ranges by either MCP or HM (t test, a<0.05). Sizes 
of both winter and summer ranges using MCP were larger, but 
not significantly larger, than winter and summer ranges 
using HM (winter: t=l.515, d.f.=20, a=0.05, summer:
t=l.62, d.f.=36, a<0.05).
Index of Abundance
Five aerial surveys were flown during the last two 
weeks of both January 1991 and January 1992, and two surveys 
were flown during April 1992 (Table 11). In 1991, 353 elk 
were observed (X=70.6, s=23.2). Of these, 22 were marked 
(X=4.4 elk/flight, s=l.3). The number of marked animals in 
the survey area was a constant 23. Using the Schumacher- 
Eschmeyer (1943) method, an estimate of 369 elk (95% CI=347- 
3 94) was computed for the survey area. In 1992 the survey 
route was expanded to increase sample size and decrease 
confidence intervals for use in later analysis. In the 
expanded survey, 712 elk were counted (X=142, s=52.3). 
Revised in area to be comparable to the first year, the 1992 
survey produced 588 elk (X=118, s=44.9). Twenty-two marked 
elk were counted (X=4.4, s=l.7) with 19 marked elk in the 
survey area, producing a Schumacher estimate of 508 (95%
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Table 11. Schumacher population estimate for elk from January 
aerial surveys, 1991 and 1992.
Total Marked Marked 95% C.L.
Year ^Flights Elk Observed in area Estimate Lower Upper
1991 5 353 22 23 369 346 394
1992 5 588 22 19 508 431 619
59
CI=431-619). Survey averages were not significantly 
different between years (t=2.08, 2-tailed, a<0.05). 
Confidence limits (95%) of the Schumacher estimates did not 
overlap between years.
Two aerial surveys were flown during April 1992 to 
compare count averages with those of the winter surveys. On 
10 and 15 April, 292 and 262 elk were counted (X=277). 
Significantly more elk were counted during individual spring 
flights than during winter flights (t=3.389, 2-tailed, 
a<0.01).
Preliminary pellet-count data were gathered during 
April and May 1990. Seven transect pairs (80 plots/pair) 
yielded a mean of 0.117 pellet groups/plot (s=0.485, 
Range=0-5.0). In an expanded effort during spring of 1991, 
13 transect pairs were surveyed (1,040 plots). Mean number 
of pellet groups/plot was 0.088 (s=0.357, Range=0-3.2).
From the variance of all 1991 plots, an estimate of the 
number of plots needed to detect a 20% change in the elk 
population with 90% certainty was calculated to be 1,430 
plots. Because yearly means would be compared by the 
weaker, non-parametric Rank Sum Test and not the Student's t 
Test on which the estimate was made, 1,520 plots were 
counted during spring 1992. Due to a mild winter, pellets 
were counted a full month earlier in 1992 than in previous 
years. Mean number of pellet groups/plot counted in 1992 
(Table 12) was 0.186 (s=0.565, Range=0-5.6). Variance among 
transects was significant (Kruskal-Wallis, K=19, N=1520,
60
Table 12. Number of pellet groups per transect pair and mean 
number of groups per plot in pellet transect pairs surveyed 
during spring 1992.
Transect
#
Plots
Groups/
transect
X/
plot SD Range
Northl so 20.0 0.250 0.?3S 0-4 . 0
North2 SO 25.3 0.31S o.?oo 0-3 . 0
North3 so 34.1 0.42S 0.69? 0-3 . 0
North4 80 52.9 O.SSl 0.S93 0-4.2
Norths SO 19.2 0.240 0.613 0-3.0
Norths SO 3 .? 0. 04S 0.222 0-1.4
North? so S.5 0. OSl 0.351 0-2 . 0
Norths so 13.2 0.165 0.430 0-2.0
North9 so S.5 0.106 0.520 0-4.0
NorthlO so 3.5 0.044 0.198 0-1.0
Southl 80 5.2 0.065 0.266 0-1.6
South2 SO S.O 0.?50 0. 348 0-2 . 0
South3 so 3 . 0 0. 038 0.191 0-1.0
South4 so 11.1 0.139 0. 364 0-1.S
Souths so 2.0 0.025 0.15? 0-1.0
Souths so 14.5 0. ISl 0.4?2 0-2.5
South? so 36.8 0.460 1.1?3 0-5.6
Souths so 13.0 0.163 0.462 0-2.0
South9 so 3.? 0. 046 0.205 0-1.0
Total= 1,520 282.2 0.186 0.565 0-5.6
61H=196.47, P<.001). Variance of means between transects were 
evenly distributed between 0.025 and 1.377.
Six transect pairs were the same during all three 
years; twelve were the same during the last two years (Table 
13). Based on the six, there were no significant 
differences between means for 1990 (X=0.136), 1991 
(X=0.093), and 1992 (X=0.116). Based on the eleven 
transects, there was no significant difference (Table 14) 
between means of 1991 (X=0.094) and 1992 (X=0.117)(^=0.998).
Sex and Age Composition
Five aerial surveys were flown during the last two 
weeks of both January 1991 and 1992 (Table 15). In 1991,
353 elk were counted (X=70.6, s=23.2): 198 cows, 84 calves,
and 71 bulls. This represents a cow:calf ratio of 100:41 
(SE=4.01) and a cow:bull ratio of 100:36 (SE=2.52). In 
1992, 712 elk were counted in an expanded survey route 
(X=101.8, 8=52.3). Of these, 509 were cows, 82 were calves, 
and 121 were bulls. The cow:calf ratio was 100:16 
(SE=0.798), and cow:bull ratio was 100:25 (SE=4.31).
The cow:calf ratio was significantly less in 1992 than 
in 1991 (t=2.487, d.f.=8, P<0.05). There was no significant 
difference between cow:bull ratios (t=2.04, d.f.=8, P<0.05).
Reproductive Success and Calf Survival
Twenty radio-collared cow elk older than 2 years were
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Table 13. Number of pellet groups and mean number of groups 
per transect pair for pairs that were the same for 1990-92.
1990
Trans. Sum X/plot SD
1991
Sum X/plot SD
1992
Sum X/plot SD
North2
Norths
North4
Souths
South4
Souths
Northl 
Norths 
South1 
Souths 
South? 
Souths
29.2 O.S6S 0.9S2 
11.0 0.1S8 0.470
15.2 0.190 0.S97
1.0 O.OIS 0.112
2.0 0.02S 0.1S7 
6.9 0.086 0.280
20.8 0.260 0.721 25.S 0.S16 0.700
1.1 0.014 0.112 S.7 0.046 0.222
2.6 0. OSS 0. 200 6.5 0.081 0.351
6.6 0.08S 0.267 6.0 0.075 0.348
6.S 0.082 0.269 S.O 0.0S8 0.191
7.0 0. 088 0.S6S 11.1 0.139 0.157
14.2 0.178 O.SOl 20.0 0.250 0.738
8.1 0.101 0.S6S IS.2 0.165 0.430
0 0 0 5.2 0.065 0.267
S.7 0. 046 0.20S 2.0 0.025 0.157
2.0 0.02S 0.157 IS.O 0.163 0.462
17.2 0.21S 0.516 S.7 0. 046 0.205
Table 14. Yearly comparisons of elk pellet group means for 
all similar transect pairs using Rank Sum Analysis. First 
three comparisons are based on 6 similar pairs, and last is
based on 11 similar pairs.
Year X/plot Year X/plot N Z Critical Z
1990
1990
1991
0.136 
0.136 
0. 093
1991 0.093
1992 0.116 
1992 0.116
480
480
480
1.014
0.791
0.532
1.96
1.96
1.96
1991 0.094 1992 0.117 960 0.998 1.96
Table 15. 
January 1991
Age and sex composition from 
and 1992.
aerial surveys,
Cow:
Calf 95% C.L.
Cow:
Bull 95% C.L.
Year N Cow Calf Ratio Lower Upper Bull Ratio Lower Upper
1991 5
1992 5
198 84 41.4 33.5 
509 82 16.3 14.8
49.2
17.9
71
121
36
25
.4 31.5 41.4 
.0 16.6 33.7
Ratios are per 100 cows.
63closely monitored from 15 May to 15 July during 1991 and 
1992. During 1991, 17 of the 20 exhibited calving behavior. 
Of these, 13 were observed with calves at least once (65% of 
total). Three of these cow elk apparently lost their calves 
by 9 July. During 1992, all 20 radio-collared cows 
exhibited calving behavior. Of these, 13 were positively 
identified with calves (65%) and another 4 were probably 
seen with calves (8 5% of total). Cows and calves were much 
more difficult to observe during 1992 due to more advanced 
vegetative cover after a mild winter.
Calving sites during 1991 were typically in the main 
valley or the lower end of side drainages, often in dense 
lodgepole forest. Two of 18 cows calved on summer range, 
subalpine fir communities. After the mild winter of 1991- 
92, radio-collared elk migrated earlier than the previous 
year and arrived on summer range a month early. Thirteen of 
19 cows calved on summer range. Again, these were typically 
subalpine fir communities, though there was much variation.
After the third week of June when cows and calves 
joined into herds, it became difficult to determine which 
calf belonged to which cow. Often, 5-10 calves were grouped 
together. From this time, I flew weekly surveys to count 
cow:calf numbers. The cow:calf ratio during 1991 was 
approximately 100:50 (Figure 19) by 13 June. By 30 July, 
the ratio had fallen to approximately 100:35. By 22 August, 
it did not appear to have decreased by much (100:31), but by 
15 January 1992, the ratio had fallen to 100:16. In
1991 Sum m er Cow:Calf Ratios
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Figure 19. Calf production and survival based on cow : calf 
ratios observed during summer 1991.
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Figure 20. Calf production and survival based on cow : calf 
ratios observed during summer 1992.
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contrast, cow:calf ratios from summer 1992 suggest two birth 
pulses, one during the first week of June and the other 
during the first week of July (Figure 20). Cow:calf ratio 
appeared to be highest during the second week of June, 
decreased to 100:48 by the end of June, then rose to 100:78 
by 10 July. By 8 August, the ratio was down to 100:54, 
which is still higher than on 13 June the previous year.
6 6DISCUSSION
Mortality
For a long-lived species, survival rates of adult 
animals have a greater impact than fecundity on the 
population level (Demetrius 1969, Fowler and Smith 1973, 
Nelson and Peek 1982). Demetrius (1969) found that 
increasing survival in one cohort may increase the 
population growth more than increasing the fecundity of a 
perennial species. Two schools of thought exist with regard 
to population regulation in elk: 1) a weather-forage
complex controls population levels, and 2) predation 
controls population levels (Peek 1980). Elk populations in 
the North Fork of the Flathead River drainage are likely 
controlled by both. Predation will be discussed here, while 
weather-forage will be discussed with regard to calving 
success.
The annual survival rate for cow elk in this study 
(5=0.75) falls within the range of survival rates of other 
studies. Peek et al. (1967) observed an annual survival 
rate for cow elk in the Gallatin National Forest of 0.73. 
Edge et al. (1992) found the annual survival rate for cow 
elk > 2 yr in the Cascade Mountains of Oregon to range from 
0.82 to 0.96 (X=0.89). Zager and Leptich (1991) report a 
survival rate for cow elk in Northern Idaho of 0.91 in 
highly roaded areas, 0.95 in sparsely roaded areas, and 0.84 
in managed access areas.
Seasonal survival rates of cow elk in this study also
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follow those reported in other studies (Banfield 1949, Klein 
and Olson 1960, Houston 1978). Winter and spring appeared 
to be the time of highest mortality, particularly the late- 
winter, early-spring months of March-May. During this 
period, the snow pack was densest, new grasses and forbs 
were just emerging, and cows were forfeiting energy to fetal 
growth (Thorne et al. 197 6). Summer was the period of 
highest adult survival (8=1.0). Not only was forage 
plentiful, but predation during summer is usually focused on 
the newborn (Schwartz and Mitchell 1945, Green 1950, 
Hornocker 1970, Gasaway et al. 1983). In many studies of 
cow elk, fall is the time of lowest survival due to hunting 
(Peek et al. 1967, Knight 1970, Edge et al. 1992). Survival 
for elk in the North Fork was higher (S=0.909), due probably 
to the nearby sanctuary of Glacier National Park and the 
difficulty of hunting elk in the dense lodgepole pine 
forests outside the park. Two of 38 cow elk were killed by 
hunters.
Cause-specific mortality on the North Fork elk herd is 
substantially different from other studies. Mountain lions 
were a significantly greater source of mortality (13%) than 
wolves (4%), hunters (5%), or bears (1.5%), and numerically 
greater than all three combined. From the Canadian border 
to Camas Cr., there are approximately 788 km̂  of suitable 
winter range for mountain lions. Using Hornocker*s (1970) 
estimate of 34.6 km^/adult mountain lion for the Idaho 
Primitive Area and Seidensticker et al.'s (1973) population
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composition data, there would be an estimated 2 3 adult and 9 
juvenile mountain lions from the border to Camas Creek. 
Hornocker estimated the annual prey requirement at 855 to 
1,283 kg prey/mountain lion. For an estimated population of 
32 mountain lions, 34,200 kg of prey would be consumed 
annually. In 1990, the first year of this study, there were 
approximately 21 wolves in the same area. At 4.5 kg 
meat/wolf/day (Pimlott et al. 1967, Holleman and Stephenson 
1981), the wolves would require 34,493 kg meat/yr, similar 
to mountain lions.
Wolf predation on hunted prey populations is a major 
concern of wildlife managers. There have been studies of 
the wolf-elk relationship (Cowan 1947, Carbyn 1983, Weaver 
1979), but none in an area as diverse in both predators and 
prey as the North Fork.
Elk and wolves run at about the same speed with 
probably a slight favor to elk (Cowan 1947, Mech 1970,
Cotton and Williams 1943, Weaver 1979). However, elk are 
not as morphologically adept at moving through snow as 
wolves (Telfer and Kelsall 1984). Weaver (1979) notes the 
three most common predation tactics employed by wolves on 
elk:
1) Chance encounters followed by a quick rush, often 
downhill for the prey.
2) Coursing, or running a herd to separate a 
vulnerable individual.
3) Cooperative strategy in driving a target animal
69towards other wolves that may be crouched in 
ambush.
Wolves prey on a range of animals, but it is widely 
accepted that large ungulates are essential for successful 
wolf populations (Cowan 1947, Pimlott et al. 1967, Voigt et 
al. 1976, Carbyn 1983). The composition of a wolf's diet is 
highly plastic, reflecting local prey availability and 
vulnerability. Wolves have been shown to select for deer 
over elk (Cowan 1947, Carbyn 1983) and elk over moose 
(Bjorge and Gunson 1989). Wolves prey more on larger 
ungulates during heavy-snow winters and on smaller ungulate 
species during light-snow winters (Carbyn 1983), because 
deep snows increase the vulnerability of larger ungulate 
species. Boyd et al. (1992) found an opposing trend.
Wolves in the North Fork preyed more heavily upon deer 
during heavy-snow winters and killed relatively more elk 
during light-snow winters.
Wolves have been shown to prey primarily on young, old, 
or otherwise vulnerable animals (Murie 1944, Burkholder 
1959, Mech 1966, Pimlott 1967, Voigt et al, 1976, Fuller and 
Keith 1980, Carbyn 1983, Gasaway et al. 1983, Ballard et al. 
1987, Bjorge and Gunson 1989). However, wolves sometimes 
kill apparently healthy animals (Carbyn 1983, Messier and 
Crete 1985, Bjorge and Gunson 1989). In this study, one 
radio-collared female calf and one 10 yr. old cow were 
killed by wolves, following the young/old trend. Similarly, 
the age distributions of cow elk killed by wolves found by
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backtracking wolves (Boyd pers. commun.) showed
significantly fewer prime cow elk killed and more old and
young cows killed than were available in the population.
More young and old elk were killed by wolves than by 
hunters. Carbyn (1983) found similar results for elk, 
wolves, and hunters near Riding Mountain National Park 
(Manitoba), as did Kolenosky (1972) with deer, wolves, and 
hunters in east-central Ontario. Okarma (1991) found that 
calves comprised 44% of the winter wolf kill of red deer 
(Cervus elaohus) in southeastern Poland. Calves comprised 
approximately 14% of the red deer population. This study 
was confined to female elk mortality, but Boyd et al. (in 
press) found that wolves in the North Fork kill more bull 
elk than cow elk relative to their abundance in the 
population. Other studies note similar findings (Kolenosky 
1972, Fuller and Keith 1980). Okarma (1991) observed 
slightly more hind than stag red deer relative to the
population in the diet of wolves in southeast Poland, but
suggested that sexual segregation of stags to the more 
inaccessible portions of winter range may have caused wolves 
to miss stags.
Whether or not wolves are able to regulate or cause a 
decline in prey populations is much discussed in literature 
<Seip 1992). Impacts of wolf predation on a prey species 
appear highly variable (Gasaway et al. 1983), and often 
depend upon diversity of alternate prey and other sources of 
prey mortality. In simple wolf/moose and wolf/caribou
71systems, wolves have been found to have a strong regulatory 
effect (Gasaway et al. 1983, Messier and Crete 1985,
Bergerud and Ballard 1988), and sometimes cause a decline in 
prey numbers (Fuller and Keith 1980, Gasaway et al. 1983). 
However, other factors are almost always involved in a prey 
decline, such as hunting, habitat deterioration, or winter 
severity (Peterson 1977, Davis et al. 1980, Gasaway et al. 
1983, Ballard et al. 1987, Bjorge and Gunson 1989). Mech 
and Karns (1977) believe that wolves were one of the main 
causes of a deer decline on the Superior National Forest, 
though severe winters and maturing forests were also 
factors. There are no cases reported in the literature of 
wolves forcing a prey population into extinction (Messier 
and Crete 1985), although such a situation may be occurring 
with woodland caribou in southern Canada. There, forest 
management practices have led to the expansion and increase 
in moose. Sustained at high numbers by moose, wolves 
continue to adversely affect the caribou populations (Thomas 
1992) .
In contrast, Thompson (1952) in Wisconsin observed that 
high deer numbers were adversely affecting habitat in areas 
with and without wolves. Cowan (1947), in Jasper National 
Park, found that not only were wolves not removing the 
annual increase in deer and elk populations, but they also 
were not even removing all the diseased and injured animals. 
Bjorge and Gunson (1989) also found no deleterious effect on 
elk populations by wolves. Pimlott (1967) points out that
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in some cases, wolf predation upon ungulates may, in fact, 
be compensatory. He cites high mortality of young ungulates 
during spring and fall in areas where wolves have been 
eliminated.
In the North Fork, wolves appear to kill more prey 
during heavy snow winters (Boyd pers. commun.). Nelson and 
Mech (1986) found that the sum of weekly snow depths/month 
explained 51% of the variation in annual wolf predation rate 
on white-tailed deer, with the highest predation occurring 
during the deepest snow. Gasaway et al. (1983) found 
similar results with moose. Not only do wolves kill more 
during heavy snow winters, but they eat less of what they 
kill (Pimlott 1967)- This was apparent in the North Fork 
between the heavy snow winter of 1990-1991 and the light 
snow winter of 1991-1992 (Boyd, pers. commun.).
Data gathered in this study suggest that wolves at the 
present density are not greatly affecting the North Fork elk 
herd. Annual predation on the reproductive segment of the 
population is 4% annually. Wolves have many alternate prey 
species available, including white-tailed deer, mule deer, 
and moose, and to a lesser extent beaver, bighorn sheep, and 
mountain goats. Thus, if one prey species should decline, 
predation would likely shift to another. Elk calf 
survivorship in Jasper National Park, Alberta, appears to be 
greatly affected by wolves due to the elks* clumped and 
restricted distribution (Dekker 1992). Elk in the North 
Fork migrate to well-dispersed summer ranges, limiting
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predation of newborns by wolves. Other factors that could 
conceivably cause an elk decline and increase the effects of 
wolf predation are severe winters, habitat degradation, 
mountain lion predation and hunting. The effects of a severe 
winter on the North Fork elk can be seen in calving success 
the following spring (see Calving). While it is possible 
that a number of successive harsh winters could affect 
recruitment, fewer elk over time would enhance condition of 
the habitat. Given that the Red Bench burn should provide 
excellent forage for 10-15 years and that the Park Service's 
fire policy may allow for future fires, habitat degradation 
should not be a factor in the North Fork. Logging 
activities on the west side of the river further increase 
forage. There has been no scientific census of the mountain 
lion population in the North Fork, but from the increased 
number of sightings in the last few years and especially the 
number of incidents with juvenile mountain lions and people 
(Hornocker 197 0), mountain lion populations in the North 
Fork seem saturated. Mountain lion predation should not 
increase unless prey populations increase (Hornocker 1970, 
Seidensticker et al. 1973). Mortality due to hunting has 
remained stable over the last five years in both Montana and 
British Columbia. As long as the general hunting season in 
Montana occurs after the rut, elk mortality due to hunting 
in Montana probably never will be great due to the proximity 
of Glacier National Park and the difficulty of hunting elk 
in the dense lodgepole pine forests they inhabit in the
7 ^fall.
Annual predation of radio-collared cow elk due to 
mountain lions (13%) was greater than from any other source. 
All mountain lion kills occurred from January - May while 
elk were on winter range or migrating to summer range.
As a predator, the mountain lion is much different from 
the wolf. Wolves hunt by smell, sound, and sight, while 
mountain lions hunt primarily by sight (Seidensticker et al. 
197 3)- Wolves are coursers, testing prey to find a 
vulnerable individual. Mountain lions are stalkers. They 
depend upon the physical structure of their habitat to 
provide prey opportunities (Hornocker 1970). Seidensticker 
et al. (1973) found that over 95% of mountain lion location 
days were associated with timbered or rocky terrain.
Mountain lions ". . . zigzagged back and forth through 
thickets, moved around large openings, under rock overhangs, 
up and down little draws, and back and forth across creeks." 
Once they find the ideal set of conditions for an attack, 
they stalk their prey to within striking distance, then 
attack. Once the actual attack has begun, most appear to be 
successful (Hornocker 1970), Mountain lions kill their prey 
with a single bite to the back of the neck or repeated bites 
to the throat area (Robinette et al. 1959).
The diet of mountain lions may be as varied as the 
wolf's (Robinette et al. 1959, Hornocker 1970), but like 
wolves, mountain lions seem to be dependent upon large 
ungulates (Schwartz and Mitchell 1945, Robinette et al.
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1959, Toweill 1977, Gerson 1988). At least one study 
suggests that mountain lions select for deer over elk 
(Schwartz and Mitchell 1945), though others believe that any 
animal that is in the right circumstances for ambush may be 
vulnerable to mountain lion predation (Hornocker 1970, 
Seidensticker et al. 1973). Spalding and Lesowski (1971) 
found that mountain lions killed more antlered mule deer and 
old of both sexes relative to the population, but suggested 
that older bucks may inhabit areas of greater mountain lion 
density. Robinette et al. (1959) found similar selection. 
Hornocker (1970) found that mountain lions selected for 
young elk, avoided prime bulls and killed deer without 
selection, and further concluded that animal condition or 
sex was not a factor in vulnerability to mountain lion 
predation.
Assuming that the current North Fork mountain lion and 
wolf populations require about the same amount of prey 
annually, the mortality rates derived here and the rates 
computed for white-tailed deer by Rachael (1992) concur with 
what is known about mountain lion prey selection. From 
mountain lion kill data collected while backtracking, it 
appears that mountain lions kill about 2 deer per 1 elk 
killed, approximately the same as wolves. However, 
mortality by wolves on collared female white-tailed deer 
(6%) was approximately the same as on collared female elk 
(4%), while mortality by mountain lions was three times 
higher on cow elk (13%) than on does (5%). The
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discrephrancy may be explained by predation upon the male 
segment of deer and elk populations. Boyd et al. (in prep.) 
found that wolves in the North Fork killed 1.5 male elk for 
each female elk killed, while Hornocker (1970) found the 
opposite for mountain lions. Mountain lions killed 0.5 male 
elk for each female elk killed. Wolves and mountain lions 
killed male and female deer at a 1:1 ratio.
I found no selection by mountain lions for any age 
group of cow elk relative to the population. In the North 
Fork, heavy snow winters may increase the number of elk that 
fall prey to mountain lions. Deep snow forces elk into 
thicker conifer cover away from open areas, where mountain 
lions have a greater chance of killing. During the heavy 
snow winter of 1990-91, 5 elk were killed by mountain lions, 
compared to 2 killed in 1989-90 and 2 in 1991-92. However, 
there was no statistical difference between these numbers.
Like wolves, mountain lion densities are limited by 
territoriality. Territories of female mountain lions may 
overlap to some degree, and territories of male mountain 
lions overlap with one or more females, but there is little 
or no overlap of male territories (Hornocker 1970, Logan et 
al. 1986). Juveniles must either enter the territory of a 
mountain lion that has been killed or leave the area. 
Therefore, mountain lions are self limiting (Hornocker 1970, 
Seidensticker 1973). Hornocker (1970) found that despite an 
increase in the ratio of elk and deer per mountain lion
77(1:135 in 1964-65 to 1:201 in 1967-68) in the Idaho 
Primitive Area, numbers of adult mountain lions remained 
constant. Predation did increase, but could not keep up 
with the increased fecundity. Mountain lions were unable to 
regulate prey numbers.
It is generally accepted that wolf predation may be 
beneficial to ungulate populations over time through their 
activity of culling the weak and old, but what of mountain 
lions? To a certain extent, prey animals possessing less 
than optimal behavior and senses would be more vulnerable to 
mountain lion predation. Perhaps, more importantly, 
Hornocker (1970) postulates that the greatest benefit 
mountain lions provide to non-territorial herbivores may be 
their habit of keeping the prey moving about on winter 
range. Otherwise, the prey may overexploit one section of 
habitat, seriously damaging it. This effect may be doubly 
important in the North Fork, where classic winter elk 
habitat (south-facing, open, windy ridges) is scarce to non­
existent.
Elk populations in Montana have generally increased 
throughout Montana in the face of long rifle seasons over 
the last 2 0 years (Marcum pers. commun). At the same time, 
in many areas where elk have been studied, the single 
greatest mortality source is hunting. Rounds (1977) found 
that hunting in the Riding Mountain National Park area, 
Manitoba, accounted for many of an elk herd's population 
declines. Peek et al. (1967) observed a hunting mortality
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rate for cow elk in the Gallatin National Forest of 27%. 
Others have observed similar trends for deer (Fuller 1990) 
and caribou (Bergerud and Ballard 1988). Bjorge and Gunson 
(1989) found that hunting and wolf predation approximately 
equalled one elk herd's recruitment. Gasaway et al.(198 3) 
found hunting to be the cause of a moose decline. Edge et
al. (1992) found that poaching was the single greatest
mortality source in the Cascades of Oregon, followed by 
legal harvest. In this study, mortality due to hunting was
5%, about equal to that caused by wolves (4%). Hunters took
relatively more young cow elk than existed in the 
population, relatively fewer prime cows than did lions, and 
more prime and fewer old cows than wolves. Carbyn (1983) 
found similar results for elk, wolves and hunters in Riding 
Mountain National Park. Other studies indicated similar 
results for deer (Pimlott et al. 1969, Mech and Frenzel 
1971, Kolenosky 1972).
Hunters in the North Fork in Canada took 590 elk from 
1985-1990, while hunters in Montana took 90 during the same 
period. However, the cow harvest was approximately the same 
for both (41 and 37). It is not known whether or not all of 
the elk killed in the Canadian portion of the North Fork 
were from the population that also winters in the lower 
North Fork.
Mortality of cow elk by bears appears incidental at 
1.5%. The one cow elk killed by a grizzly bear was 16 years 
old, suffered from abnormal teeth, and was in poor
79condition. Black and grizzly bears are probably a greater 
mortality source to calves. Several studies have reported 
bear predation on newborn and young ungulates (Schwartz and 
Mitchell 1945, Johnson 1951, Messier and Crete 1985). 
Schlegel (1976) followed 53 calves during their first few 
weeks after birth. Six were killed by mountain lions and 28 
were killed by black bears.
Seasonal Distribution
In areas where elk occupy mountainous terrain, 
migration from high, subalpine areas in summer to lower 
riverbottoms in winter is often observed (Schwartz and 
Mitchell 1945, Johnson 1951, Brazda 1953, Dalke et al. 1965, 
Knight 1970). In other areas such as northern California 
and parts of Washington and Oregon, elk do not migrate (Graf 
1943, Madson 1966). Elk that once inhabited eastern North 
America were probably mostly nonmigratory (Moran 1973) . In 
some areas, part of a population migrates and part does not 
(Cole 1969, Martinka 1969). In the North Fork, I found that 
most elk wintered along the river from Sage Creek to Camas 
Creek and migrated to summer ranges in Canada and the upper 
Whitefish Range. Only one of 38 elk (2.6%) did not migrate. 
While most elk did migrate, there were certainly a number 
that did not. I received reports of single elk sightings in 
the valley bottom each summer and observed elk myself as 
late as 4 August (1992).
Most authors cite the emergence of new grasses, forbs.
80and sedges as the stimulus for elk movements to higher 
elevations in spring (Brazda 1953, Dalke et al. 1965,
Compton 1975), and snow depth as the downward push in the 
fall (Anderson 1958, Compton 1975, Leege and Hickey 1977). 
This appeared to be the case in the North Fork. That new 
vegetation was a motivating force in spring migration was 
suggested by two occurrences. First, during early spring, 
elk moved to transitional spring ranges on Big Prairie and 
other meadows where they foraged on the abundant new growth. 
Transitional spring ranges were not on the way to summer 
ranges for at least half of the radio-collared cows. Such 
reverse migration to transitional spring ranges has been 
reported by others (Skinner 1925, Dalke et al. 1965).
Second, elk left transitional spring ranges and crossed 
large expanses of snow-covered ground to south-facing slopes 
where they were observed foraging on newly green vegetation 
during late spring. This behavior has been observed by 
others as well (Gaffney 1941, Altmann 1956, Brazda 1953, 
Compton 1975). With regard to the influence of snow on fall 
migration, over half the radio-collared elk remained on 
summer range until well after snow began to accumulate. 
Compton (1975) and Leege and Hickey (1977) note similar 
findings in Wyoming and Idaho respectively.
Hunting appeared to greatly affect movements of only 
one group of elk, those that established transitional fall 
ranges in the Ketchikan Cr. drainage of Trail Cr. These elk 
moved to lower elevations from Cabin, Burnham, Couldrey and
81Trail Creeks in early September after the opening of 
Canada's general rifle season. Elk remained there in both 
199 0 and 1991 until opening day of Montana's general hunting 
season (last Sunday in October)• Within 1-2 days, all 
marked elk in that area had moved to the refuge of Glacier 
National Park. Elk in the Chamberlain Creek area of western 
Montana selected areas away from roads during hunting season 
(Lehmkuhl 1981), and concentrated movements in an area 
closed to hunting (Marcum et al. 1984).
South of the international border, most winter range 
lies within Glacier Park, though elk routinely cross the 
river to non-Park Service lands. Three notable exceptions 
are the Home Ranch Bottoms, the Whale Cr./Tepee Cr. area, 
and the Coal Creek/Cyclone Lake area. The last is the most 
unusual. It is located 3-5 km west of the North Fork river 
in the Whitefish Range. Winter range in the North Fork is 
not typical of other mountainous areas in the northern Rocky 
Mountains where elk make use of windy, snow-free ridges or 
south-facing slopes (Knight 1970, McLean 1972, Beall 1974, 
Grkovic 1976). By mid January, Big Prairie and other 
grasslands are covered with dense, crusted snow, and elk 
then use lodgepole pine savannas and spruce forests 
proportionally more than their availability (Singer 1979, 
Jenkins 1984). Specifically, elk feed upon grasses under 
the lodgepole canopy that blocks snow accumulation (Singer 
1979). The only major exception to this pattern that I 
observed was the newly burned Akokala/Bowman Cr. area. This
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area is flat to slightly south-facing exposure and supported 
abundant grasses, aspen (Pooulus tremuloiodes) and 
cottonwood fPooulus trichocaroa) shoots during the study.
Elk use of the burn was exceptionally heavy during the 
light-snow winter of 1991-1992. Knight (1970) also noted 
increased use of burns in the Sun River during moderate-snow 
winters.
North Fork elk appeared to be sexually segregated on 
winter range with bulls tending to select deeper snow areas 
than cows. Telfer and Kelsall (1984) explain this 
partitioning of food resources as a function of sexual 
dimorphism. Bulls have greater chest height and can move 
more freely through deeper snow than cows. Leege and Hickey 
(1977) and Knight (1970) also observed bulls using areas of 
deeper snow. One exception in the North Fork is a deer 
winter range in and around Sullivan Meadow. Often in mid­
winter, bare patches of ground will be exposed in this 
south-facing meadow near the river. As many as 29 branch- 
antlered bull elk have been observed in the meadow during 
winter. Cows have been observed there as well, but not as 
often or as abundant.
Many studies suggest that elk return to the same winter 
ranges year after year (Schwartz and Mitchell 1945, Brazda 
1953), though some have noted changes due to weather 
differences (Knight 1970, McLean 1972). Elk in the North 
Fork showed much greater fidelity to winter range between 
winters that were similar in severity than winters that were
83different. Elk in the Salmon, Beaverhead, and Bitterroot 
National Forests used grasses more during light-snow winters 
and foraged more in conifer cover during heavy-snow winters 
(Grkovic 1976). Elk are highly adaptable and were observed 
at least once to take advantage of a new resource. When a 
hay stack south of Polebridge went unattended during winter 
1990-91, increasingly more elk were observed eating hay each 
evening as winter progressed. The next winter when the 
haystack was not available, marked elk adjusted their winter 
ranges back to the area they occupied the winter before the 
haystack was available.
Spring transitional ranges were used by elk when new 
vegetation was available, which was a function of weather. 
Deer and elk make heavy use of North Fork grasslands in the 
spring months. The spring diet of elk in the North Fork 
consists of 73% grasses (Koterba and Habeck 1971). Early 
winter transitional ranges were often identical to spring 
ranges. Elk arrived on transitional ranges as early as late 
October and as late as 1 December and continued to use the 
areas until the snow pack excluded their availability.
Calving of radio-collared elk was observed intensively 
during spring 1991 and 1992. Calving sites were highly 
variable, ranging from mountain tops to valley bottoms, and 
from dense lodgepole and spruce forests to early serai 
logged communities. No cow gave birth in 1992 within 1 km 
of her 1991 calving site. In fact, most cows calved on 
summer range in 1992 due to a milder previous winter and
84earlier migration. Based upon these findings, it appears 
that cows give birth wherever they are along their migration 
route. This is supported by findings of Sweeney (197 5) in a 
comprehensive review of calving. Marcum et al. (1984), 
studying two western Montana elk herds, found that one herd 
appeared to use traditional calving grounds and the other 
appeared to calve wherever the elk were along the migration 
route. Cow and calf elk usually remained at the calving 
site in seclusion until the last week of June, when they 
continued with migration and joined other cows and calves to 
form maternity herds, as they do in other areas (Brazda 
1953, Altmann 1956, Knight 1970, Harper 1971).
Elk usually arrive on summer range by July (Brazda 
1953, Dalke et al. 1965, Knight 1970). Radio-collared elk 
in this study did so during summers 1990 and 1991, but 
arrived a month earlier in 1992 because of a mild winter and 
earlier green up. Summer ranges were typically subalpine 
cirques or ridges near timberline. Heavy use of mineral 
licks began in July and continued until about the first 
frost in late August. Also during summer, elk were 
frequently observed bedded on snowbanks, presumably to keep 
cool and free of biting insects, as in other areas (Knight 
1970). Fidelity to summer range was 100%. Elk appeared to 
use the same summer ranges each year, also reported by 
(Schwartz and Mitchell 1945). Except for the elk using 
Ketchikan Cr. in fall, elk began moving to the lower ends of 
their summer ranges by late September, but did not leave
85summer range areas entirely until mid October. Brazda 
(1953) and Dalke et al. (1965) noticed no distinct 
migration, but rather a continual downward trend. This 
seemed to be the case for elk in the North Fork except for 
those that used the heavily-hunted Ketchikan Cr. area.
Information on sizes of elk home ranges is varied, 
though most studies in the northern Rocky Mountains report 
summer ranges much larger than winter ranges. McLean (1972) 
found the mean standard diameter of summer ranges of elk in 
the Lochsa herd to be 0.5 miles larger than winter ranges. 
Craighead et al. (1971) observed non-migratory elk in 
Yellowstone National Park to use summer ranges approximately 
four times larger than winter ranges. Elk in a shrub-steppe 
environment in Washington used summer and winter ranges of 
approximately equal sizes (105 km̂  vs. 107 km̂ )
(McCorquodale, 1985). In contrast, Knight (1970) observed 
that the pooled standard diameter for winter ranges was 1.1 
km larger than that for summer ranges. In this study using 
both minimum convex polygon and 95% harmonic mean, winter 
ranges were approximately one-third the size of summer 
ranges.
Index of Abundance
Aerial surveys are often used in wildlife studies 
(Riordan 1948, Dalke et al. 1965, Lovaas et al. 1966, 
Hornocker 1970, Caughley 1977, Mech 1983). The major 
problem with aerial surveys for observing population trends
86is missing animals. This may occur due to weather, terrain, 
or time of day (Buechner et al. 1951, Lovaas et al. 1966).
I counted elk from an airplane in early winter when elk were 
still using open areas extensively, and age and sex 
composition were still readily observable.
Using the Schumacher and Eschmeyer (194 3) method, I 
estimated 3 69 elk in the survey area in 1991 and 508 elk in 
the same area in 1992. I believe the difference observed 
was not due to an increase in the elk population but, 
rather, milder weather conditions allowing for more elk use 
of open areas. A disproportionate number of radio-collared 
elk were still using timbered areas to the north of Big 
Prairie in 1992 compared to 1991, thus affecting the 
Schumacher estimate. To mark a truly random sample of the 
population, I would have had to trap in many areas of low 
elk densities and would have had a smaller sample size.
Bear et al. (1989) report similar reduced accuracy for 
greater precision in aerial surveys in Colorado. Because of 
the effect that weather may have upon winter aerial surveys, 
I believe the technique is better suited for spring in the 
North Fork. Sightability models have been developed for 
other areas, but would not fit the spruce forest habitat of 
the North Fork (Samuel et al. 1987). Developing one of our 
own would have required extensive helicopter use, which was 
cost-inhibited.
As Buechner et al. (1951) found in the Blue Mountains 
of Washington, spring appears to be the best time for aerial
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surveys of population trends in the North Fork. I counted 
significantly more elk on spring flights, indicating that 
many more elk use open areas in spring than in winter. 
However, classifying elk into age and sex classes at this 
time from a fixed-wing aircraft was not possible.
Often, combining air and ground censusing techniques 
improves the accuracy of population monitoring (Buechner et 
al. 1951, Hornocker 1970). Thus, I used elk pellet counts 
to further monitor population changes in the elk herd 
(Eberhardt and Van Etten 1956, Freddy 1983, Fuller 1991). 
Although I detected no significant difference between 1991 
and 1992 as expected for such a short time period, I suspect 
that, like the aerial surveys, the pellet counts as 
conducted thus far may be more influenced by weather than by 
changes in the elk population. In the North Fork, elk use 
of habitat varied greatly with winter severity. During 
heavy-snow winters such as 1990-91, movements were 
restricted to conifer cover, while during mild winters, elk 
make greater use of all open areas. Thus, despite efforts 
to distribute pellet transects in all types of habitats, 
weather remains a confounding variable.
I suggest that future pellet counts may be restricted 
to Big Prairie. Though the argument may be made that this 
is primary habitat and that population fluctuations are 
first apparent in secondary habitat, I believe that may not 
be relevant here. My location and trapping data suggest 
that nearly all elk that winter south of the international
88border migrate to Big Prairie and use that area before 
moving to other winter range. Thus, sampling this area 
should reflect most of the population. Second, based upon 
Big Prairie transects from 1992 and using Neff's (1968) 
formula to compute sample size from variance, only 282 
pellet plots would be necessary to detect a 20% change in 
the elk population with 95% certainty compared to the 
present 1,430 plots needed to detect a 20% change in the elk 
population with 90% certainty. By increasing the pellet 
plots to 399, the degree of certainty would be 98%. To 
detect a 10% change with 90% certainty, 795 pellet plots 
would be required. Thus, by sampling the high-pellet 
density area of Big Prairie, one could increase the 
precision of the pellet counts using a smaller sample size.
Marcum et al. (1984) found that transects run on a 
small section of primary summer habitat produced pellet 
group means that were highly correlated with precipitation. 
To ensure that the suggested method is also not weather 
biased, both methods should be used for a number of years 
and compared with one another. Both methods could be 
carried out with the addition of three more transect pairs 
on Big Prairie.
Age and Sex Composition
Age composition of an elk herd is probably of little 
use by itself for management purposes. Caughley (1974) 
points out that without knowing the rate of increase, one 
cannot make inferences from age ratios, and if one knows the
89rate of increase, the ratios are probably not needed.
Still, age and sex ratios have uses. Cow:calf ratios 
during winter and summer months allow inferences about calf 
production and survivorship, and comparisons between elk 
populations. Cow:bull ratios may be important for efficient 
breeding strategies (Raesfeld and Vorreyer 1964), and for 
prey use/avallability studies.
Cow:calf ratios for January 1991 and January 1992 were 
significantly different (100:41 vs. 100:16). The difference 
was likely a result of the severe winter of 1990-91 (see 
Calving). Schwartz and Mitchell (1945) reported a January 
ratio of 100:21 on the Olympic Peninsula, while Knight 
(1970) reported a winter ratio of 100:25. Peek et al.
(1967) reported ratios from 100:45 to 100:15 for elk on the 
Gallatin National Forest. Beall (1974) reported ratios of 
100:54 (1972) and 100:47 (1973) for elk in the Sapphire 
Mountains of Montana and suggested that this may have been 
one of the most productive herds in the state at the time.
It is often more difficult to view bull elk than cow 
elk at almost any time of year, hence the greater confidence 
intervals in my cow:bull ratios. Cow:bull ratios of 100:36 
(1991) and 100:25 (1992) show no significant difference and 
are within the norm reported in the literature. Ellis 
(1965) reports a cow:bull ratio of 100:18 for the Northern 
Yellowstone herd. McDonald (1980) observed a cow:bull ratio 
of 100:31 for elk in the Middle Fork of the Flathead River, 
Montana. Montana Department of Fish, Wildlife and Parks
90management goal is at least 5 bulls: 100 cows.
Reproductive Success and Calf Survival
Populations can maintain their numbers through either 
immigration or reproduction. Although some immigration has 
been observed to the North Fork by elk marked to the east 
in Waterton Lakes National Park, immigration is probably 
offset by emigration. One radio-collared elk that summered 
on the Flathead Divide at Squaw Creek is suspected to have 
emigrated from the North Fork.
Poor calf production has been implicated for declining 
populations in a number of studies (Ellis 1965, Couey and 
Weckworth 1965) . Elk in the North Fork appear to have the 
capacity for high calf production, but also appear to be 
greatly influenced by severe winters.
Elk were first observed with calves as early as 25 May. 
Most radio-collared cows restricted movements beginning the 
last week of May until the last week of June. Most calves 
were initially seen during the first week of June, though 
during summer 1992, the cow:calf ratio peaked twice, once 
during the first week in June and once during the first week 
of July. Johnson (1951) reported calving dates from 21 May 
to 12 June with a peak occurring 1 June. Rust (1946) also 
reported a peak at 1 June in Northern Idaho. The second 
peak during summer 1992 could result from a number of elk 
breeding during the second estrus instead of the first 
(Asdell 1946, Johnson 1951). Squibb et al. (1986) report a
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bimodal distribution of conception dates in elk due to great 
hunting pressure on bull elk for a short time in the middle 
of the rutting season. The general rifle season in B.C. may 
have had a similar effect on North Fork elk. The 
alternative is that calves became more visible as summer 
progressed. Knight (197 0) observed cow:calf ratios in the 
Sun River area increase from July-September in 1964 and from 
July-August in 1965.
It is generally believed that cow elk produce one calf 
per year, and few cases of twinning have been reported (Rush 
1932, Mills 1936, Murie 1951, Johnson 1951, Kittams 1953).
No twinning was observed either year for radio-collared cow 
elk.
The difference observed in calf production between 1991 
and 1992 was likely due to winter severity (not to be 
confused with winter age ratio counts). Deep snows 
accumulated during winter 1990-91 (Appendix C). Record 
snows fell in December along with record cold temperatures 
(-45®C). Rains in January crusted the snowpack enough to 
prevent elk from foraging on grasslands, and made travel by 
elk more difficult. The snowpack did not recede from the 
valley floor until 13 April. In contrast, winter 1991-92 
was unusually mild. Coldest temperatures occurred in early 
November (-28®C). Snowfall was relatively shallow and 
temperatures were moderate. Snowpack in the valley bottom 
was gone by 7 March.
Banfield (1949) observed decreased calf production in
92
Riding Mountain National Park after a severe winter. He 
concluded that winter mortality of pregnant cows, 
stillbirths, and reabsorption of embryos all affected spring 
calf numbers. Peek et al. (1967) suggested low nutritional 
status of cows due to severe winter as a cause for low 
productivity. Ransom (1967) thought that cold weather 
physically weakens white-tailed deer despite low snowfall 
and abundant browse. Gasaway et al. (1983), in contrast, 
found no correlation between snow depth experienced by cow 
moose and calf abundance the following fall. Telfer and 
Kelsall (1984) noted that moose are morphologically adapted 
to move in deep snow better than elk.
Poor winter range is often implicated in low 
recruitment (Peek et al. 1967, Hornocker 1970, Knight 1970). 
I observed no signs of overuse of elk winter range in the 
North Fork, though I took no measurements. This may support 
Hornocker*s (1970) theory that predators help distribute 
prey over winter range. Predators appeared to be abundant 
on elk winter range. I suggest that in the North Fork, poor 
winter nutrition of cows during severe winters is not a 
function of deteriorating range, but rather reflects a lack 
of food availability due to adverse snow conditions that 
"lock up" elk forage.
Predators must have some effect on calf numbers, but 
are probably not as important as winter severity. Cowan 
(1947) attributed low recruitment of elk to poor range 
condition. He compared areas with wolves to areas without
93wolves and found survival of calves and fawns to be almost 
identical on both. Hornocker (1970) in Idaho, found range 
condition to be more critical to newborn deer and elk than 
mountain lion predation. As noted earlier, several studies 
have reported bears preying heavily on newborn ungulates.
It seems likely that bears would kill more newborn elk than 
wolves because bears are more dispersed over elk summer 
range, and that bears would kill more newborn elk than 
mountain lions because bears could detect newborns easier 
through smell than could mountain lions by sight since 
newborns are motionless when hiding.
Gasaway et al. (1983) found calf moose recruitment to 
be negatively correlated with wolf numbers and positively 
correlated with the caribou/wolf ratio. On the other hand, 
predators, especially wolves that take proportionally more 
older, non-productive elk out of the population may actually 
stimulate reproduction. Knight (1970) found that lightly- 
harvested elk on the Sun River Game Preserve had low 
reproductive rates, while animals that ranged outside the 
preserve were heavily harvested and very productive.
The effects of wolves on calf numbers in the North Fork 
may also be correlated with winter severity with respect to 
calving sites. After the moderate winter of 1991-92, elk 
reached summer range early and most cows calved on summer 
range, away from the known wolf territories. In contrast, 
in 1990 and 1991 elk calved in the main valley, proximal to 
at least one active wolf den. Nonetheless, cow elk were
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scattered and solitary during calving, unlike caribou for 
which heavy losses of calves to wolves have been reported. 
Summary and Management Recommendations
Management recommendations are based upon the 
assumption that the goal of management is to keep elk 
numbers at the current level or to increase their numbers.
Mortality of cow elk in the North Fork appears high,
»
although data from a 2.5 year study must be interpreted with 
caution. Mountain lions appear to be the single greatest 
mortality source to cow elk. This may have implications for 
fire management on winter range, located primarily in 
Glacier National Park. Fires provide habitat for elk, but 
they often do not provide the structural characteristics 
that mountain lions need to carry out successful hunts. 
Therefore, allowing natural burns, especially on south- 
facing slopes, may directly and indirectly decrease 
mortality of cow elk.
Wolves were not a great source of mortality to the 
reproductive segment of the elk herd during the study 
period. However, this study did not focus upon the two 
segments of the herd that wolves are known to select for, 
calves and bulls. By maintaining a high population of 
white-tailed deer (which summer in the main valley), 
managers may be keeping denning wolves down in the valley 
during the summer months, away from elk calves in the higher 
elevations. Wolves and hunters kill more bulls than cows 
relative to the population, though no evidence in this study
95can conclusively show a negative effect to the elk 
population.
The North Fork elk herd is an international herd. 
Results here suggest that most elk inhabiting the North Fork 
valley north of Big Creek winter in Montana and summer in 
British Columbia. Elk are hunted in both countries from 
early September through November. Hunters in Canada kill 
more elk each year than do hunters in Montana. This is 
likely due to a number of reasons. Results suggest that 
many more elk inhabit B.C. during hunting season than 
inhabit huntable lands in Montana. Forests are generally 
more open in B.C. than in Montana due to fire, logging 
activity, and more subalpine fir habitat types rather than 
lodgepole pine. Also, hunters in Canada may hunt elk during 
the rut with firearms, while hunters in Montana must use 
archery equipment during this period.
Any index of abundance used to measure elk numbers in
the North Fork must account for weather biases. It is
suggested here that aerial surveys and pellet counts may be 
weather biased.
Elk reproductive success and calf survival appear to be 
tied to winter severity. Following heavy-snow winters, 
fewer cows may produce fewer calves of less birth weight. 
Also following a heavy-snow winter, green-up and migration
occurr later. Elk calve at lower elevations in a more
clumped distribution closer to denning wolves. Wolves may 
then have a greater effect on newborn calves. Finally, if
96calves are born at lower elevations, at approximately three 
weeks of age, they must complete the journey to summer 
range. Not only is this energetically expensive, but a 
moving animal is a vulnerable animal, thus making the calf 
more vulnerable to predation.
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Appendix A
Radio frequency (MHz), date and location of capture, and age 
of cow elk when captured, 1990-1992.
# Frequency Date Location Age
201 148.420 01/12/90 Big Prairie, GNP 7.5
202 148.450 01/14/90 Big Prairie, GNP 4.5
203 148.580 01/14/90 Big Prairie, GNP 5.5
204 148.460 01/19/90 Big Prairie, GNP 9.5
205 148.510 01/19/90 Big Prairie, GNP 8.5
206 148.390 01/25/90 Big Prairie, GNP 1.5
207 148.400 02/10/90 Big Prairie, GNP 2.5
208 148.430 02/26/90 Big Prairie, GNP 15.5
209 148.590 03/01/90 2 km N. Tepee Cr. , FNF 13.5
210 148.540 03/10/90 mouth of Kintla Cr., FNF 8.5
211 148.550 03/13/90 Big Prairie, GNP 9.5
212 148.600 03/16/90 Big Prairie, GNP 1.5
213 148.610 03/19/90 Big Prairie, GNP 7.5
214 148.670 03/21/90 Big Prairie, GNP 1.5
215 148.440 03/24/90 Big Prairie, GNP 2.5
216 148.530 11/30/90 Bowman Rd. Dump, GNP 6.5
217 148.590 11/30/90 Bowman Rd. Dump, GNP 10.5
218 148.710 12/03/90 Bowman Rd. Dump, GNP 6.5
219 148.520 12/10/90 Big Prairie, GNP 4.5
220 148.570 12/10/90 Big Prairie, GNP 3.5
221 148.410 12/10/90 Big Prairie, GNP 0.5
222 148.680 12/13/90 Big Prairie, GNP 1.5
223 148.700 12/13/90 Big Prairie, GNP 14.5
224 148.690 12/14/90 Big Prairie, GNP 0.5
225 148.560 12/14/90 Big Prairie, GNP 3.5
226 148.660 12/16/90 Big Prairie, GNP 5.5
227 148.720 12/17/90 Big Prairie, GNP 1.5
228 148.580 12/15/90 Big Prairie, GNP 4.5
229 148.650 12/18/90 Big Prairie, GNP 5.5
230 148.620 01/14/91 Coal Cr., FNF 10.5
231 148.600 01/17/91 Ford Work Center, GNP 11.5
232 148.670 01/31/91 Coal Cr., FNF 1.5
233 148.630 02/06/91 Ford Work Center, GNP 8.5
234 148.640 03/11/91 1 km S. of border , PVT 15.5
235 148.430 12/07/91 Big Prairie, GNP 9.5
236 148.690 12/08/91 Big Prairie, GNP 12.5
237 148.390 12/13/91 Big Prairie, GNP 0.5
238 148.550 12/14/91 Big Prairie, GNP 4 . 5
GNP = Glacier National Park 
FNF = Flathead National Forest 
PVT = Private Property
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Appendix B
Number of elk killed in the North Fork of the Flathead River 
drainage by various sources.
Causes Sex Young Prime Old Time Period
Mtn. Lion F 5 6 2 1/12/90-6/30/92
Wolf, F 8 4 4 11/19/85-3/25/91
M 18 5 2 Nov.-March
unknown 2 6 0 0
American F 20 20 0 1985-1990
Hunter; M 38 12 3
Canadian F —  ^  ^  —“—111———-" —  ̂ 1981-1990
Hunter, M — — — — — — —75 8—————  —  — 1981-1990
1 Wolf Ecology Project (Boyd in prep.).
2 Bruce Campbell, Montana Dept. Fish, Wildlife, & Parks 
(pers. commun.).
3 Ray Demarchi, British Columbia Ministry to the 
Environment, Wildlife Branch (pers. commun.).
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APPENDIX C
Snow  Depth a t Polebridge
Jan.
□ 1992
■ 1991
■ 1990
Feb.
April
Date
Maximum daily snow depth recorded at Polebridge, Montana, 1990-92.
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